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ABSTRACT

Amongthe many explanations for the large biological diversity of México is that it is the

result of the contact between the Nearctic and Neotropical biotas; however, this contact-related

explanation is not fully satisfactory and needs further examination in the light of historical

biogeography. Weoffer newer insights into this issue by examining the history of the flora and

the vegetation heterogeneity of the seasonally dry tropics of this country. Several environmental

criteria can be used to define the seasonally dry tropical regions, but setting their precise

geographical boundaries is not always straightforward. This is largely due to the large vegetation

heterogeneity of this región, within which the tropical dry forest (TDF) is prominent. The origin

of the TDF flora can be traced back at least as far as 20 million years before present and seems

to be associated with the Tertiary North American flora. Available evidence does not support

a South American origin of the TDF flora. Similarly, the separation of the TDF and the hot

North American desert floras into two different biogeographical realms is not warranted. The

history of the seasonally dry tropical flora of México strongly suggests that this biogeographical

dichotomy should be replaced by the recognition of the existence of a Pan-American Realm.

Key words: Holarctic Realm, Neotropical Realm, phytogeography, tropical dry

forest, vegetation heterogeneity.

RESUMEN

Entre las diversas ideas que se han propuesto para explicar la gran diversidad biológica

de México está la que afirma que ésta es el resultado del contacto de las biotas neotropical
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y neártica; sin embargo, esta explicación relacionada con el gran contacto biótico de las

Américas no es completamente satisfactoria y necesita ser revisada a la luz de la biogeografía

histórica. En este artículo ofrecemos nuevas perspectivas sobre este asunto por medio de una

revisión de la historia de la flora y la heterogeneidad vegetacional del trópico estacionalmente

seco de este país. Se han usado varios criterios ambientales para definir las regiones tropicales

estacionalmente secas, pero ubicar con precisión sus límites geográficos no es siempre fácil.

Esto se debe en gran medida a la gran heterogeneidad de la vegetación presente en esta

región, entre la que predomina el bosque tropical caducifolio (BTC). El origen de la flora

del BTC se remonta, por lo menos, unos 20 millones de años antes del presente y parece

estar asociada con la flora del Terciario de Norteamérica. La evidencia disponible no apoya

un origen sudamericano para el BTC. Asimismo, no hay razones que justifiquen de forma

convincente la separación de la flora del BTCy la de los desiertos calientes de Norteamérica

en dos reinos biogeográficos diferentes. La historia de la flora del trópico estacionalmente seco

de México sugiere fuertemente que esta dicotomía biogeográfica debería ser reemplazada por

el reconocimiento de la existencia de un Reino Panamericano.

Palabras clave: bosque tropical caducifolio, fitogeografía, heterogeneidad

vegetacional, Reino Holártico, Reino Neotropical.

INTRODUCTION

Among the most widespread explanations for the high biological diversity of

México is the position of this country more or less halfway between the latitudinal

extremes of North and South America; this position makes it easy to conceive the

Mexican territory as the natural place for a major contact between the Nearctic and

Neotropical biotas, which evolved separated from each other for a very long time.

Unfortunately, the general acceptance of the role of this major biological contact is

not based on sound analyses. From a floristic perspective, the Mexican vegetation of

températe and coid regions has been traditionally considered Nearctic (assuming a

Laurasian origin), whereas the vegetation of the humid tropics is commonly treated

as typically Neotropical (possibly of Gondwanan origin; Doyle & Luckow, 2003;

Corlett & Primack, 2006; Fiaschi & Pirani, 2009). These biogeographical associa-

tions are unclear for the vegetation of other climatic regions in México, in particular,

the dry tropical forests. The general assumption is that México’ s dry forests have a

Neotropical origin that is similar to the origins of the humid forests of the Atlantic

watershed. Likewise, the xerophytic scrub widespread in central and northem Mex-
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ico has been frequently associated with the Nearctic Realm (Cox, 2001; Morrone,

2002). Nevertheless, the floras of these two major plant formations appear to be

closely related and thus associating them to two different biogeographical realms is

not warranted (Van Devender, 2000). In this paper we examine the history of the flo-

ra and the vegetation of the seasonally dry tropics of México in order to gain newer

insights on the real role of the contact of the North- and South-American biotas in

driving the large plant diversity of its territory. Given the considerable differences

in the available information for the various vegetation types occurring in this región,

the analysis is undeniably biased towards the tropical dry forest, which is not only

the best studied but also the most charismatic ecosystem within this climatic región.

Such bias, however, does not imply that the floristic assemblages proper of other

vegetation types occurring in this climatic región are less meaningful in searching

for answers to this biogeographical question.

CIRCUMSCRIPTIONOFTHESEASONALLYDRYTROPICS

The term ‘seasonally dry tropics’ (hereafter ‘dry tropics’) refers to low eleva-

tion intertropical regions (< 1,400 ma.s.l.) having a well-defmed dry season (Gentry,

1995; Mooney et al., 1995). Dry tropics are found on all continents with tropical cli-

mates and they cover a larger area than the wet tropics (Mooney et al., 1995). Typical-

ly, the dry tropics are a frost-free región (Trej o- Vázquez, 1999). The length of the dry

season in the dry tropics is highly variable, but it normally lasts for a period between

four and six months. Similarly, the total amount of annual precipitation displays a

large inter-annual variability, generally ranging from 500 to 1800 mm(Gentry, 1995),

with some reported valúes as low as 300 mm(Trejo, 1996; 1998). Rainfall is strongly

concentrated in summer months due to land over-heating relative to the surface tem-

perature of the sea, which causes the reversal of wind flow pattems (García, 2004).

In the Indian subcontinent this phenomenon is known as ‘monsoon’, a term that is

increasingly applied to similar ecosystems worldwide (Bowman, 1996). Mean annual

temperature ranges between 1 8 and 26 °C, but more frequently within the much nar-

rower range of 22-24 °C (Trejo, 1996; 2005); sub-zero temperatures are unknown. In

México, the prevailing climates in the dry tropics are Aw, Am, Cwa, BSh, and BW
(Miranda & Hemández-X., 1963; Rzedowski, 1978; Trejo, 1996; García, 2004).

Despite these apparently simple criteria, circumscription of the dry tropics is

not always straightforward. This is due to the increasing duration and intensity of

the dry season with increasing distance from the equator. In fact, some areas beyond
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the intertropical región share environmental characteristics with the dry tropics; for

example, vegetation typical of the dry tropics in México extends north of the limit

of the tropical regions, as far as 28° N in San Javier, Sonora (Martínez- Yrízar et ah,

2000), and the same is true for dry regions with continental climates and high-eleva-

tion (1500-2000 ma.s.l.) areas (Arriaga & León, 1989; Rundel & Boonpragob, 1995;

Trejo, 1996; Cerros-Tlatilpa & Espejo-Sema, 1998; Camacho-Rico et al., 2006).

Setting boundaries for the dry tropics in terms of the duration of the season in

which plants bear foliage is also troublesome, as varying degrees of deciduousness are

difficult to assess in the field (Scariot & Sevilha, 2005). Besides, the precise timing of

leaf fall depends on the total amount and distribution of rain in a given year (Martínez

& Galindo-Leal, 2002). Nonetheless, even for the most equatorial tropical systems it

is generally possible to recognize humid (moist/rain) from dry (deciduous) forests.

Therefore, attempting to establish a distinction between these two major ecosystems

seems reasonable, while admitting that no single variable of the physical environment

will ever allow to unequivocally set a natural, clear-cut limit between them.

Species richness in the dry tropics is generally lower than in tropical humid for-

ests (Gentry, 1995). Species richness peaks near the equator and gradually decreases

towards higher latitudes (Gentry, 1995; Gastón, 2000); however, in the dry tropical

región of western México, species richness is not only abnormally high, but it also

comprises a large endemic component (Lott, 1985; 1993; Lott & Atkinson, 2002).

Some studies allegedly conducted in México’ s dry tropics have included in-

formation for vegetation types that are not really typical of tropical climates, mostly

because their boundaries coincided with political-administrative or physiographic

units, but not with climatic units (e.g. a volcano [Cedano-Maldonado & Harker,

2000] or a river basin [Camacho-Rico et al., 2006]). The inclusión of non-tropical

vegetation types (e.g. températe pine and oak forests), and of plant communities typ-

ical of very particular habitats such as those of Coastal areas (mangroves and other

halophylous vegetation), hinders between-locality comparisons and the drawing of

general conclusions for the flora and vegetation of the dry tropics. Nevertheless, the

presence of several vegetation types coexisting in the same landscape is almost a

widespread generalization in the dry tropics, as examined in the following section.

VEGETATIONTYPESIN THEMEXICANSEASONALLYDRYTROPICS

Perhaps the most striking feature about the dry tropics in México is the large

number and variety of vegetation types that they encompass, often under similar
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climatic conditions (Table 1). Typical dry tropics vegetation may be dominated by

trees (e.g. in the prominent tropical dry forest), or by shrubs or herbs, blurring the

correlation between vegetation types and precipitation (Gillespie et ah, 2000; Trejo

& Dirzo, 2002). The environmental heterogeneity resulting from variations in lithol-

ogy, relief, soil depth and texture, drainage and water availability, along with diverse

disturbance regimes, are the main drivers of such large vegetation variability (Mi-

randa & Hemández-X., 1963; Rzedowski, 1978; Gentry, 1995; Menaut et al., 1995;

Trejo, 1996; Pérez-García et al., 2001; 2010).

Dry tropics vegetation may be markedly deciduous, such as the widespread

tropical dry forest (TDF) (Miranda & Hemández-X., 1963; Rzedowski, 1978), or

decidedly evergreen in the proximity to water sources (Rzedowski, 1978; Lebrija-

Trejos, 2001; Camacho-Rico et al., 2006). Moreover, in the dry tropics the pheno-

logical behavior of many pachycaulous, sclerophyllous or succulent species does not

match that of deciduous plants, particularly in the xerophytic vegetation associated

with rocky environments (Toledo Rizzini, 1997; Pérez-García & Meave, 2004). A
comparison of the main features of the major vegetation types of the seasonally dry

tropics of México is given in Table 2.

TDF is dominated by relatively short trees, most of which shed entirely their

foliage in the dry season (Miranda & Hernández-X., 1963). In this community,

herbaceous and thin woody climbers are common, but epiphytes and thick lianas

are less abundant and diverse than in humid forests (Challenger, 1998; Pineda-

García et al., 2007). Density of multi-stemmed trees tends to be higher than in

humid forests (Dunphy et al., 2000), and a wider range of Ufe forms and leaf phe-

nological pattems occurs (Medina, 1995). Diversity is generally high and there is

no clear dominance of any species, to the point that many of them are rare (Durán

et al., 2006); nevertheless, some genera lilce Bursera, Lonchocarpus
,
Lysiloma and

Jatropha are typically present in these Systems. In Mexican TDF communities,

emergent columnar cacti are common, conferring them a particular physiognomy

(Rzedowski, 1978; Challenger, 1998; Pennington & Samkhán, 1998). The pres-

ence of slow-growing and long-lived plants, such as succulent cacti, suggests that

this vegetation is not normally subjected to Tire disturbance. Despite these com-

monalities, TDF is highly variable in structure and composition across the country.

This situation has led to the recognition of several community sub-types. In some

cases the differences are important at the physiognomic level, but in others these

are rather floristic in nature, or a combination of both (Trejo & Dirzo, 2002), even

within small geographic areas (Pérez-García & Meave, 2004; Pérez-García et al.,

2005; Durán et al., 2006).
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rosulifolio

con

rupicolous

and

epiphytic

plañís

are

common.

Representative

genera:

García

&

Meave

(2004).

crasicaules

Agave,

Cyrtopodium,

Hechtia,

Mammillaria,

Pseudosmodingeum,

áfilos,

saxicolous

Tillandsia

vegetation
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stricto),

tropical

shallow

soils,

and

flooded

savannas

in

flat

areas.

Characteristic

Reliman

(1984),

grassland

species:

Byrsonima

crassifolia

(L.)

Kunth,

Crescentia

alata

Kunth,

Pennington

et

al.

(2000),

C.

cujete

L.,

Curatella

americana

L.,

in

some

cases

with

Pinus

and

López-Olmedo

et

al.

Quercus

spp.

(2006,

2007)
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Undoubtedly, TDF is the most widely studied vegetation type in México’ s dry

tropics. Available studies encompass a wide array of approaches, ranging from ba-

sic floristic and structural analyses (Trejo, 1996; 1998; 2005; Trejo & Dirzo, 2002;

Gallardo-Cruz et al., 2005; Pineda-García et al., 2007; see Table 1) to the examina-

tion of species spatial patterns (Pérez-García & Meave, 2004; Durán et al., 2006;

Padilla- Velarde et al., 2006; Gallardo-Cruz et al., 2009; 2010). Other commonly

examined topics are biogeographical relationships (Cué-Bár et al. 2006; Lott & At-

kinson, 2006), degree of biological differentiation (Balvanera, 1999; Balvanera et

al., 2002; Pérez-García & Meave, 2006), functioning (Martínez- Yrízar et al., 2000;

Maass et al., 2005), successional patterns (Burgos & Maass, 2004; Romero-Duque

et al., 2007; Lebrija-Trejos et al., 2008; 2010; 2011; Gallardo-Cruz et al., 2012),

seed banks (Rico-Gray & García Franco, 1992; Miller, 1999; Maza-Villalobos et al.,

2011), or the evolutionary history of its flora (Becerra, 2005).

For several dry tropical regions in México, particularly in mountainous areas,

the existence of a sub-tropical scrub has been reported. However, there are doubts

whether this is a natural or an anthropogenic community (Rzedowski & Calderón,

1987). In other areas of the country’s dry tropics there also are communities dominat-

ed by spiny, short trees; they are usually classified as ‘spiny low stature tropical for-

est’ or thom woodland (in part), although they actually form a heterogeneous group

as they may be either evergreen or deciduous (Miranda & Hemández-X., 1963).

This vegetation type ranges from Prosopis-áom i n ated communities (mezquital) to

scrub vegetation which is transitional to semi-arid zones (Miranda & Hemández-X.,

1963; Challenger, 1998; Sánchez-Mejía et al., 2007). In these forests, small-leaved,

hard-wooded, and deciduous leguminous species are widespread, particularly of

the genus Parkinsonia, Lysiloma, and Prosopis. Other commongenera are Acacia,

Amphipterygium, Bursera
,

Chloroleucon, Croton
,
Jatropha, and Tabebuia (Miranda

& Hemández-X., 1963; Sánchez-Mejía et al., 2007). In the Isthmus of Tehuantepec

(Oaxaca), a low spiny tropical forest exists with a very characteristic floristic com-

position (Torres-Colín et al., 1997), although structural data supporting its segrega-

tion from the TDF are lacking.

The shrub-dominated vegetation in the dry tropics may be classified as spiny

or semi-spiny scmb or thom woodland -in part- (Rzedowski, 1978; Pennington &
Sarukhán, 1998; Pérez-García et al., 2001). However, it is often difficult to distin-

guish the different low deciduous forests given the gradual variation between these

two vegetation types (Trejo, 1996; Pennington & Sarukhán, 1998). This difficulty

is particularly strong when attempting to differentiate low spiny deciduous forests

from the scmb vegetation in marginal areas (Sánchez-Mejía et al., 2007; Búrquez &
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Martínez- Yrízar, 2010). A further type of open vegetation with short-stature plants

of the dry tropics is the xerophytic scrab. This community type usually covers small

areas, as they are constrained to rocky substrates, e.g. limestone outcrops (Pérez-

García & Meave, 2004) or lava fields (Castillo-Campos et al., 2007).

Moist forest or medium-stature tropical forests (canopy height between 1 5 and

30 m) in dry tropics maybe sub-deciduous or semi-evergreen (Miranda &Hemández-

X., 1963). Médium deciduous forest was not included in the classification scheme of

Miranda & Hemández-X. (1963) apparently because of the very limited distribution

of this community type. In areas with a higher or better-distributed rainfall, tall semi-

evergreen (> 25 m) or sub-deciduous forests may be found. Medium-stature forests

are common in the Pacific Coastal región (Miranda & Hemández-X., 1963; Gallar-

do, 1996; Peralta-Gómez et al., 2000), as well as in the Atlantic watershed from

Hidalgo and Tamaulipas to the Yucatán Península (Ibarra-Manríquez et al., 1995;

Martínez & Galindo-Leal, 2002). This vegetation type also covers significant areas

of Central America (Janzen & Liesner, 1980). Epiphytes in medium-stature forests

are neither as diverse ñor as abundant as in humid forests. In Huatulco (Oaxaca), a

médium stature deciduous forest was described based on the height and phenology

of dominant trees (Salas-Morales, 2002; Salas-Morales et al., 2003; Salas-Morales

& Casariego-Madorell, 2010). This forest occurs in areas spanning from sea lev-

el to 500 melevation, and the most frequent families in its canopy are Fabaceae,

Euphorbiaceae, Boraginaceae, and Burseraceae. Medium-stature forests often have

the largest species richness in the dry tropics because they receive the largest pre-

cipitation in the región (Gentry, 1995). Descriptions of medium-stature forests usu-

ally inelude gallery forests (Miranda & Hemández-X., 1963; Pérez-García et al.,

2001). These may be highly diverse communities similar to sub-deciduous or semi-

evergreen forests, or low diversity communities such as gallery forests (Rzedowski,

1978; Lebrija-Trejos, 2001; Camacho-Rico et al., 2006).

Comparisons of upland vegetation with riparian medium-stature forests have

revealed that the latter usually harbors a higher plant species richness (Lott et al.,

1987; Gentry, 1995). Typical medium-stature forest genera in riparian vegetation

inelude Andira
,
Brosimum

,
Cynometra, Enterolobium, Ficus

,
Hymenaea

,
Inga, and

Tabebuia. Riparian communities have gained recognition, mainly because of their

potential role as reservoirs of forest species during long dry periods (Reliman et al.,

1994; Meave & Reliman, 1994), as biological corridors (Bonesso et al., 2000), and

their ability to regúlate the hydrological eyele (Lebrija-Trejos, 2001).

Coastal sand dune vegetation, open savannas, and aquatic and halophytic veg-

etation are examples of typical dry tropics plant communities dominated by small-
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sized, generally herbaceous plants (Flores, 1992; Zizumbo & Colunga, 1980; Pe-

ralta-Gómez et al., 2000; López-Olmedo et al., 2006; 2007). Palm groves may also

be included here, although palms usually reach large heights (Eiten, 1972; 1997;

Toledo Rizzini, 1997) (Table 2).

Savannas are plant communities dominated by graminoids (Poaceae and

Cyperaceae). These communities occupy vast areas in Africa and South Amer-

ica (Menaut et al., 1995; Eiten, 1997; Furley, 2006), but significant areas with

this vegetation type also occur in Australia (Furley, 2006), México, and Central

America (Puig, 1972; Meave & Reliman, 1994; López-Olmedo et al., 2006). Ch-

ínate, soils, and recurrent fires are the main drivers of savanna presence in some

regions (Reliman, 1984; Pennington & Sarukhán, 1998; Pennington et al., 2000;

Guindáo Cruz et al., 2002; Furley, 2006). These communities are not exclusive of

the dry tropics since they also occur in more humid climates. In these cases, how-

ever, they are associated with oligotrophic soils (Reliman, 1984) or to senescent

phases of a limnological development series (Hágsater et al., 2005). In México,

this vegetation type is generally related to poorly drained soils, particularly in the

Yucatán Península (Miranda & Hernández-X., 1963; Martínez & Galindo-Leal,

2002), although they are also common at sites with rather shallow, well-drained

soils (Pennington & Sarukhán, 1998; Pérez-García et al., 2001; López-Olmedo et

al., 2006; 2007).

Savannas may completely lacle trees or, conversely, they may harbor sparse

individual trees and shrubs. In México and Central America, savanna trees often

belong to the genera Pinus or Quercus
,

leading to their classification as pine or oak

open woodland, respectively. Nonetheless, according to Miranda & Hernández-X.

(1963), the most commontrees in Mesoamerican savannas are Byrsonima crassifolia

(L.) Kunth (Malpighiaceae), Crescentia alata Kunth, C. cujete L. (Bignoniaceae),

and Curatella americana L. (Dilleniaceae).

Despite the ampie recognition of the antiquity of savannas worldwide

(Edén, 1974; Haffer, 1982), in México and other areas its potential anthropogenic

origin has been recurrently discussed (Furley, 2006). For example, Puig (1972)

concluded that there is no sufficient evidence to recognize a natural origin for sa-

vannas in the Southern State of Tabasco. Conversely, López-Olmedo et al. (2007)

reported for the savannas of the Isthmus of Tehuantepec the presence of slow-

growing plants and a large ensemble of species exclusive of this vegetation type;

along with the constancy of their boundaries through time, this finding supports

the alternative view that they are a primary vegetation type (López-Olmedo et al.,

2007). Moreover, as early as the First half of the 20th century, when human activ-
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ity was not yet very intense in the región, the presence of savanna vegetation on

the Trans-Isthmian Mountains was reported (Williams, 1939; Goldman, 1951),

and paleogeographical and paleozoological data suggest that savannas or analoge

grasslands were already present in México since Middle or even Early Tertiary

(Rzedowski, 1975). Yet the presence of some grasslands and savanna-like vegeta-

tion (sensu Rzedowski, 1978) may be the outcome of human activities in several

regions in the country.

Palm groves are communities dominated by species of Arecaceae, almost al-

ways monospecifically, in the upper stratum. Although palm groves are generally

recognized as a distinct vegetation type, they are usually associated with the humid

tropics and are seldom listed as a typical dry tropics community in México. Addition-

ally, its floristic relevance has been greatly overlooked. In México, palm groves, oak

groves and tropical pine groves have been classified together as one type of savanna

(Hágsater et al., 2005). In México, palm groves occur along the Pacific coast, from

Oaxaca to Sinaloa, frequently on sandy soils with shallow water tables (Miranda &
Hemández-X., 1963). At some localities, palm groves of Sabal mexicana Mart. and

Brahea dulcís (Kunth) Mart. are favored by human disturbance through recurrent

fires (Miranda & Hernández-X., 1963). Stands oí Brahea dulcís and B. nítida André

are mostly found on calcareous soils, at elevations ranging from 600 to 2,250 m
a.s.l., and in semi-warm to températe semi-arid climates (Torres-Colín, 2004).

Tropical oak groves, mostly of Quercus oleoides (Fagaceae), are normally

associated with typical humid forest climates, but they grow at sites with distinct

edaphic conditions (Pennington & Sarukhán, 1998). In Southern and western México,

tropical oak groves occur intermittently from Nayarit to Oaxaca, frequently adj acent

to treeless savannas, low deciduous forests, and medium-stature forests (Penning-

ton & Sarukhán, 1998). These oak-dominated communities are highly fragmented

and do not cover large continuous areas (Rzedowski, 1978). Perhaps this has led to

their disregard in descriptions of the Mexican dry tropics (e.g. Challenger, 1998).

However, they were recently acknowledged as an important vegetation type for the

Mexican orchid flora (Hágsater et al., 2005). In the mountains of Mexico’s dry trop-

ics gradual transitions between TDF and oak forest are common, and species of both

vegetation types may coexist in ecoclines.

Tropical pine groves are characterized by a very open and discontinuous tree

stratum, whilst graminoids and numerous shrubs of the Fabaceae, Melastomataceae,

and Myrtaceae families domínate the understory. Even though this vegetation type

is more typical of humid climates, it is also transitional with TDF, particularly in the

lowlands of the Isthmus of Tehuantepec.
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PHYTOGEOGRAPHYOFTHEMEXICANSEASONALLYDRYTROPICS

Notwithstanding the proposal that western México is an area of diversification

for plant species of the dry tropics (Rzedowski, 1962; 1991), the limits of this area of

endemism apparently extend to the central portion of the Mexican Pacific coast (Lott

& Atkinson, 2002). Around 40% of all species in the modemflora of the Chamela-

Cuixmala (Jalisco) región are endemic to the dry tropics of the Pacific watershed

(Lott, 1993), with 17%of the flora shared with Central America and 36%with South

America. It has been suggested that the distribution of part of the TDF flora from this

Mexican región expanded southwards, in exactly the opposite direction that suppos-

edly followed the Amazonian flora along the Atlantic watershed. Given the uncer-

tainty around these distribution models, the floristic links of the typical TDF requires

further analysis (Lott & Atkinson, 2002; 2006).

At smaller geographical scales, biogeographical patterns in the dry tropics are

also complex; for example, a preliminary phytogeographical analysis of the savanna

flora in the Nizanda región (Oaxaca), showed that species of this vegetation type

have stronger affinities with the Pacific watershed than with the Atlantic watershed.

For the same locality, it was found that the xerophytic vegetation, gallery forest

and secondary vegetation have larger similarities with localities in semi-arid areas,

such as the Tolantongo Gorge and the Tehuacán-Cuicatlán Valley in central México.

This finding is similar to that reported by Acosta-Castellanos (1992) for the vegeta-

tion of the upper Tehuantepec River basin, as he identified the strongest floristic

similarity of his study area with the Tehuacán-Cuicatlán Valley (Puebla-Oaxaca).

Thus, the hypothesis that a much more extended arid región existed in the past that

encompassed the Balsas river basin and the Tehuacán-Cuicatlán Valley, south to the

Tehuantepec river basin, is further supported (González-Medrano & Chiang, 1988;

Acosta-Castellanos, 1992; 1995; Acosta et al., 2003). In contrast, Lebrija-Trejos

(2001) reported stronger affinities between the riparian vegetation of Nizanda and

the Atlantic humid forests, which may be due to the fact that many species in his

study system are riparian habitat specialists adapted to frequent flooding, or at least

to permanently high water availability.

Pine savannas provide a different example of the complex biogeographical

and ecological relationships for the dry tropics flora (Correa-Metrio et al., 2012).

Pines have a clear Holarctic origin, whilst the floristic elements of the understo-

rey supposedly have Neotropical affinities. Interestingly, for a specific plant group

such as the orchids the ambiguity holds, given that the orchid flora of these pine

savannas is more similar to the tropical oak groves and the sub-deciduous medium-

164



Pérez-García et al.: Flora and vegetation of the seasonally dry tropics in México

stature forests surrounding them (Hágsater et al., 2005). Other epiphytic components

of the Pinus-Quercus savannas, like some Tillandsia species, are also considered

Neotropical taxa. Under the traditional biogeographical classification of México, the

canopy of these savannas may be seen as an example of the mixture of Nearctic and

Neotropical plants, though some epiphytes are nearly pine-specific (e.g. Mormodes

lineata Bateman ex Lindl. [Orchideaceae]).

ORIGIN OFTHEMEXICANSEASONALLYDRYTROPICALFLORA

Given the location of the Mexican territory on the North American tectonic

píate, its biota may be reasonably associated with that of the Nearctic Realm, or

more broadly, to the Holarctic Realm (sensu Cox, 2001). Despite this basic geo-

graphical principie, the floras of the tropical, subtropical and arid climates of the

country have been often related to the Neotropical Realm (Rzedowski, 1991). This

broad phytogeographical dichotomy of the country’ s territory is widely accepted,

as exemplified by the prevailing dogma which States that “México is a floristically

megadiverse country due (among other causes, such as a highly heterogeneous ter-

ritory, both climatically and geomorphologically, as well as high speciation rates)

to the fact that it is a contact zone between the Nearctic and Neotropical Realms”.

Although the basic tenets of this statement are unquestionable (the large richness and

the biogeographical contact), this idea also seems to be an oversimplification of a

history that is actually much more complex. A clear understanding of the origin and

evolution of the Mexican flora is still lacking.

The study of plant palaeo-communities, including both xeric and mesic Sys-

tems, has shown the role of geomorphology as a driver of various biological pro-

cesses (Cevallos-Ferriz & González-Torres, 2005; Castañeda-Posadas & Cevallos-

Ferriz, 2007). For example, temporal pattems of formation, origin and constituent

elements are different between the country’ s two large Sierras Madre (Eastem and

Western), and understanding their history is essential if we are to fully comprehend

the biogeography of the modemflora.

The Mexican territory and its geologic history are particularly complex. This

problem is evidenced by discussions over the origins of the ancestors of the taxa

occurring in this country (Diego-Pérez, 2000; Diego-Pérez et al., 1996/97). Floris-

tic assemblages of México ’s tropical regions display floristic affinities with Central

and South America (Rzedowski, 1991), and to a lesser extent with the remaining of

North America and the Caribbean región (Diego-Pérez et al., 1996/97; Wendt, 1993;
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Burnham & Graham, 1999). In fact, with the exception of Oceania, the modemflora

of México shows relationships with the floras of all other continents where vascular

plants are found (Cevallos-Ferriz & Ramírez, 2004).

The complexity of the biogeographical identities increases when incorpo-

rating the temporal scale. This exercise has resulted in a plethora of proposals for

the origin of the Mexican tropical flora including Boreotropical, Austrotropical,

Arcto-Tertiary, Madro-Tertiary, Gondwanan, Laurasian, Neotropical-Tertiary and

Neogene-North American (Axelrod, 1950a; 1950b; 1975; 1979; Rzedowski, 1970;

Wolfe, 1975; Wendt, 1993; Cevallos-Ferriz & Ramírez, 2004; Calvillo-Canadell

& Cevallos-Ferriz, 2005). Also, diverse relationships with the modem flora have

been proposed, including both with the Holarctic and the Neotropical floras, and

to a lesser extent with the Pantropical Realm (Rzedowski, 1962; 1970; 1978; 1991;

Chiappy-Jhones et al., 2001). In addition, the presence of palaeo- and neo-endemic

Mexican components (Rzedowski, 1991; Rzedowski & Palacios-Chávez, 1977; Soto

& Salazar, 2004; Cevallos-Ferriz & Ramírez, 2004) makes it more difficult to estab-

lish floristic relationships with other regions of the world.

Disentangling the history of the biogeographical relationships of the Mexican

flora is still a challenge, and all proposed models lack full testability to date. The fos-

sil record, albeit incomplete, is the only evidence capable of showing directly which

plants grew in México, and sedimentology and taphonomy may help reconstmct the

environments in which they lived. With a perspective that integrates geological time,

several aspects of the history of Mexican vegetation may be applicable to this coun-

try’s dry tropics (Calvillo-Canadell & Cevallos-Ferriz, 2005; Castañeda-Posadas &
Cevallos-Ferriz, 2007). Among the most striking ones is the finding that some of the

genera occurring in the Mexican dry tropics at present occurred in North America

since at least 65 million years before present (Ma b.p.).

Oligocene fossil plants from Tepexi de Rodríguez (Puebla) suggest that 30

Mab.p. a community analogous to modemTDF (or maybe some kind of chaparral)

existed in this locality (Ramírez & Cevallos-Ferriz, 2002; Beraldi-Campesi et al.,

2005). The species present in this community may have derived from species of

tropical humid forests of Eocene age that occurred at higher latitudes (Cevallos-

Ferriz & Ramírez, 2004). During the Miocene (ca. 23.5-5.3 Ma b.p.), the tropical

humid forest from the El Cien formation (ca. 20 Mab.p.), Baja California Sur, appar-

ently formed a belt of this vegetation type along the oíd coastline. As a consequence

of volcanic and tectonic activity during the Oligocene-Miocene, new areas of rain

shadow appeared, and tropical sub-humid communities replaced the moist vegeta-

tion (Castañeda-Posadas & Cevallos-Ferriz, 2007).
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Lineages that are present in the various modemcommunities typical of diy

tropics occurred in tropical wet and moist floras since at least some 20 Mab.p., but

this does not imply that modern vegetation types existed through all this time. For ex-

ample, the floristic composition for the El Cien formation is thought to have been very

similar to the recent TDFof Chamela, Jalisco, with the Miocene plants having a larger

physiologic ability to transport water, and the Miocene dry season, if there was any,

being much shorter (Martínez-Cabrera et al., 2006). Some plant species from the El

Cien formation display affmities with western Africa and eastem Brazil ( Copaifera ),

whilst other taxa (e.g. Tapirird) occurring today in the Isthmus of Tehuantepec have

affmities with northem South America (Cevallos-Ferriz & Barajas-Morales, 1994).

From this information we can conclude that plants presently considered typical of

Neotropical communities, such as Andira, Ficus, Madura, and Tetragastroxylon,

grew in México at least since some ca. 20 Ma (Martínez-Cabrera et al., 2006).

Angiosperms made their evolutionary appearance at 167-199 Ma b.p. at the

end of Jurassic (Bell et al., 2010), and underwent important diversification and ra-

diation processes during the Cretaceous (Sims et al., 1999; Magallón & Sanderson,

2005), particularly ca. 102-130 Mab.p. (Barremian-Uppermost Albian, Lower Cre-

taceous; Magallón & Castillo, 2009). In the Late Cretaceous, two distinctive floristic

provinces existed in the Northem Hemisphere. One of them included eastern North

America and Europe (Normapolles flora), whereas the other comprised most of Asia

and western North America (Aquilapollenites flora; Raven, 1975; Wolfe, 1975). For

México, a third province was identified for the same period, namely the Monocol-

pates province, which was established in the southem part of the country (Martínez-

Hernández & Ramírez-Arriaga, 1996). Palynological information demonstrates that

the Mexican territory has an ancient influence of Laurasian elements, but with an

important presence of Gondwanan plant groups like Afropollis, Proxapertites and

Nothofagidites since Late Cretaceous (Martínez-Hemández & Ramírez-Arriaga,

1996).

One of the First altemative explanations for the presence of a Mexican tropical

flora showing biogeographic relationships with several parts of the world is centered

on the Geoflora hypothesis (Chaney, 1959). The basis for this hypothesis was the

notion of a flora distributed around the Arctic Ocean that later began to migrate

southwards as a whole, known as the Arcto-Tertiary flora (Axelrod, 1975; Wolfe,

1975; Tiffney, 1985a,b). The concept was later expanded, giving way to the no-

tions of Neotropical Tertiary Geoflora and Madro-Tertiary Geoflora. Apparently,

however, the fossil record has not supported any of the proposed migration routes

(Tiffney, 1985b).
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A second hypothesis States that during the Paleogene (ca. 65-23 Mab.p.) the

world’ s tropical flora was partitioned between the Northern and Southern Hemi-

spheres, that is, a Boreotropical Realm versus an Austrotropical Realm (Wolfe,

1975; Tiffney, 1985a, b). The Boreotropical flora may have colonized and radiated

within the emerging Mexican territory (Cevallos-Ferriz & González-Torres, 2005;

Calvillo-Canadell & Cevallos-Ferriz, 2005). The expansión model for the Boreo-

tropical flora assumes migrations along the coast of the Tethys Sea and later along

the North Atlantic Ocean, or else across the Bering land-bridge, when the climate in

North America was warmer than today (Wolfe, 1975; Tiffney, 1985b). The Boreo-

tropical flora hypothesis seems to offer a better explanation for the strong floristic

relationships between eastem North America (including México) and eastem Asia

(Tiffney, 1985b; Smedmark & Anderberg, 2007). Further, this hypothesis does not

conceive the flora as a fixed, unchangeable entity; rather, it recognizes that its com-

position varíes depending on its geographical coordinates, and that species migrate

across the territory at different rates and through different routes. In addition to the

fossil record, the proposed migration of the Boreotropical flora has been supported

by biogeographical analyses for several taxonomic groups, such as amphibians, rep-

tiles, spiders, bees, beetles and other invertebrates, as well as for modern plants

(Lavin & Luckow, 1993; Smedmark & Anderberg, 2007).

At present the largest differences in tropical vegetation and floras occur

between the Paleotropics and the Neotropics (Wolfe, 1975). Despite the striking

ecological and geological similarities between Africa and South America (Wolfe,

1975), a clear differentiation between the floras of these two continents has long

existed (Bumham & Graham, 1999). There is an almost passionate contro versy as

to whether the flora of México carne from the north, either from the North Ameri-

can Eocene floras that are part of the Boreotropical flora (Wolfe, 1975; Tiffney,

1985a; Wendt, 1993; Cevallos-Ferriz & Ramírez, 2004), or from Central- and

South America (Rzedoswki, 1991). This controversy is further complicated by the

fact that to any given flora having a single biogeographical origin several dispersal

routes may be attributed. For example, Gondwanan plants are likely to have arrived

to México via South America or via Africa-Europe-North America (Wendt, 1993).

The controversy on the origin of the tropical Mexican flora makes much sense be-

cause of the geographical proximity of México to Central and South America, and

given the similarities between modern biotas present in these regions. Nonetheless,

the fossil record suggests that the flora of México is much older than previously

thought (Tiffney, 1985a; Cevallos-Ferriz & Ramírez, 2004; Calvillo-Canadell &
Cevallos-Ferriz, 2005). For the case of México it is trae that fossil plants related to
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Southern Hemisphere lineages have been identified, but the oldest records for these

plants suggest that their origin was rather in México and that they dispersed from

this country into South America (Cevallos-Ferriz & Ramírez, 2004). Thus, based on

direct evidence we now know that at least some elements of the flora (e.g., Andira,

Copaifera
,

Hymenaea, Inga, Pithecellobium [Leguminosae], Tetragastroxylon

[Burseraceae], Haplorhus, Loxopterigium, Tapirira [Anacardiaceae], and Ficus,

Madura [Moraceae]), traditionally linked to the Mexican Neotropical biomes, oc-

curred in México much before than originally thought, to the point that it is neces-

sary to conclude that these ‘Neotropical’ components became part of the tropical

flora via the Northern Hemisphere rather than via the Southern Hemisphere (Calvi-

llo-Canadell & Cevallos-Ferriz, 2005).

According to Lavin & Luckow (1993), the Boreotropical origin hypothesis

for the tropical North American flora (including México) has a testable prediction:

any taxon having its diversification center in Mesoamerica and being represented in

the fossil record in the región since the Tertiary, should have its sister groups in the

Oíd World tropics, whereas the derived groups should occur in South America. After

testing this prediction through a molecular phylogenetic analysis for two modem
groups of legumes, these authors obtained results consistent with the Boreotropi-

cal hypothesis. Similarly, in México there are several taxa thought to be ancestral

of groups that radiated later in South America (Rzedowski, 1991), with examples

provided by species of Burseraceae (Becerra, 2003; Dick & Wright, 2005; Weeks et

al., 2005), Orchidaceae (Cox et al., 1997; Van den Berg et al., 2000; Soto & Sala-

zar, 2004; Hágsater et al., 2005), Anacardiaceae, Berberidaceae, Cactaceae, parts of

Moraceae and Asteraceae (Cevallos-Ferriz & Ramírez, 2004; Edwards & Donoghue,

2006), as well as for Leucaena máAteleia (Leguminosae, Pennington et al., 2006a).

Based on new fossil record, it has been proposed that Burseraceae made its

first appearance in North America since the Late Paleocene/Early Eocene (Becerra

et al., 2012), and that by the beginning of the Late Oligocene (23 Mab.p.) this family

dispersed into other parts of the World (Weeks et al., 2005; Dick & Wright, 2005).

Weeks et al. (2005) suggested that Beiselia mexicana Forman, the only representa-

tive of this monotypic genus and discovered recently in the TDF of western México,

diverged early within the family, and that its sister clades presently occur both in

America and the Oíd World tropics. Based on the taxa used by these authors, the

positions occupied by modern Mexican species indícate an early separation, both in

Bursera and in Protium, whilst South American and African groups are less differen-

tiated from each other; Weeks et al. (2005) go as far as proposing that Commiphora is

a subgroup derived from Bursera. Similarly, there is evidence that the genus Bursera
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has undergone an intense diversification in México for over 50-57.1 Ma (Becerra,

2005; Becerra et al., 2012), and that its sister groups are basically African (the gen-

era Commiphora and Boswelliá), with the exception of the South American species,

Commiphora leptophloeos (Mart.) J.B. Gillett (Becerra, 2003), and a new species

from limestone outcrops in Central Brazil (A.C. Sevilha, pers. comm.; Weeks et al.,

2005). For these two species, the possibility of long-term dispersal has received wider

acceptance (Weeks et al., 2005). In addition, based on molecular information, Bece-

rra et al. (2012) established links between the orogeny in México, the radiation of the

genus Bursera and the possible origin of tropical dry forest in the country, placing the

origin of this vegetation type some 30 to 37 Mab.p. In fact, it has been proposed that

ca. 50 Mab.p., at the end of the Early Eocene, the NewWorld experimented changes

that promoted seasonality as less water evaporated from the sea, causing a reduction

of the range of the wet tropical vegetation (Graham, 2011).

Much information related to the Orchidaceae family supports the presence

of very oíd orchid lineages in Mesoamerica. For example, Mesoamerica and the

Caribbean are thought to be the centers of origin of Laelinae and Pleurothallidinae.

Particularly for Laelinae (a subtribe comprising 43 genera and 1 ,466 species), it has

been proposed that the basal lineages of numerous taxa occur in México, whereas

the most derived groups are present in South America (Van den Berg et al., 2000).

This pattem was observed for several groups in this family, such as Arpophyllum,

Bletia, Chysis, Coelia, Hexalectris, Isochillus and Ponera
,

and for one of the oldest

groups in Orchidaceae, namely the subtribe Cypripedioideae. The oldest groups of

this subtribe with a distichous phyllotaxy (e.g. Mexipedinm and Selenipedium ) oc-

cur in Mesoamerica, and the range of one of the oldest species in the entire subtribe,

Cypripedium irapeanum La Llave et Lex., is currently restricted to México (Cox et

al., 1997). As far as the understanding of the group’s biogeography goes, the idea

of a Boreotropical flora widely distributed in the Northern Hemisphere during the

Palaeogene and Early Neogene is again central. Later on, the contraction of its geo-

graphical range in the continent would result from the widespread impact of Pleisto-

cene climatic changes (Cox et al., 1997; Wendt, 1993).

The information examined so far provides stronger support to the hypothesis

of a Boreotropical origin for the Mexican flora than to altemative Geofloras hypoth-

eses (Lavin & Luckow, 1993), particularly than to the one claiming a recent migra-

tion from South America (Pennington et al., 2006a). Therefore, one may reasonably

assume that part of the ancestral Mexican flora expanded southwards, also into the

Antilles, where it diversified and persisted to present day, conferring a distinctive

character to the American tropical regions (Cox, 2001). The Boreotropical hypoth-
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esis is also compatible with the presence of antique taxa in the Antilles (Santiago-

Valentin & Olmstead, 2004) and with the large generic similarity between western

México and Cuba (Borhidi, 1996; Diego-Pérez et ah, 1996/97).

More phylogenies of Mexican species and their sister groups occurring be-

yond the country’s borders are needed in order to determine the ultimate sources

and relative ages of the components of this diverse biota (Lavin & Luckow, 1993;

Cevallos-Ferriz & Ramírez, 2004; Calvillo-Canadell & Cevallos-Ferriz, 2005). Of

course, one must not overlook the possibility that México has functioned as a zone

of biogeographical contact for a long time, and not only after the recent establish-

ment of the Central American landbridge (Pennington et al., 2006a). It is likely that

since the Early Eocene, migrations from the Southern Hemisphere had provided a

‘recent NeotropicaF character to the vegetation of the Mexican tropics (Graham,

1993; Wendt, 1993), in particular to the wet tropics since the Pliocene. The palaeo-

palynological records from Central and South America suggest that tropical ele-

ments from the Neotropical Realm arrived in México from the Miocene onwards

(Bumham & Graham, 1999). If this is trae, it would be necessary to quantify better

the relative contribution of each biogeographic component to the Mexican flora, as

well as its timing.

A panbiogeographic study of genera of the Euphorbiaceae family suggested

a Gondwanan origin, with a later Neotropical radiation (Martínez-Gordillo & Mo-

rrone, 2005). Besides, for Mexican and Central American species of Ruprechtia

(Polygonaceae), robinioid legumes, Chaetocalyx and Nis solia (Fabaceae), and

Loxopterygium (Anacardiaceae), an important diversification process took place

both during and before the Pleistocene from taxa with previous (Mid-Miocene to

Pliocene) existence in South America (Pennington et al., 2004; Lavin, 2006). More-

over, it has been proposed that the Bromeliaceae family probably originated in the

Guiana Shield ca. 100 Mab.p. (Givnish et al., 2011).

Contradictory information has been published about migration routes for some

taxonomic groups; for example, Melastomataceae are thought to have originated in

North America (Early Eocene fossils from Dakota) and to have dispersed later into

Central and South America (Oligocene), and subsequently to Africa and Asia (12 to

14 Mab.p.; Renner et al., 2001). However, the almost exactly opposite pattern for

this family was proposed by Morley & Dick (2003), who contend that Melastomata-

ceae has a Gondwanan origin, and that this family should have dispersed into North

America through Central America a long time ago.

The evidence examined so far suggests that the origin of the Mexican tropical

flora, as weknow it today, began in the Upper Cretaceous and that some elements tra-
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ditionally considered Neotropical were already in the country at that time. Although

the full explanation of how they arrived in México that long ago remains a challenge,

the Boreotropical flora hypothesis faces this problem reasonably well. Apparently,

radiation, speciation and diversification processes were very active in México dur-

ing Cenozoic due to a fragmented topography caused by active geological evolution

that continúes to date (Cevallos-Ferriz & González-Torres, 2005; Calvillo-Canadell

& Cevallos-Ferriz, 2005).

THEIMPORTANCEOFSEASONALLYDRYTROPICSIN THEMAINTENANCE
ANDDIVERSIFICATION OFTHEXEROPHYTICFLORA

North American deserts are relatively recent in geological time (Briones,

1994), according to their suggested age of ca. 8 Ma b.p. (Van Devender, 2000).

Much of the Mexican territory presently occupied by deserts was mountain-free

until relatively recent times (Ferrusquía-Villafranca, 1993; Cevallos-Ferriz &
Ramírez, 2004; Cevallos-Ferriz & González-Torres, 2005). For example, heights

at the Sierra Madre Occidental peaked between 38 and 20 Ma b.p. (Ferrari et al.,

2005), and máximum elevation in the Sierra Madre Oriental occurred roughly at

the same time, that is ca. 28.4-37.2 Ma b.p. (Upper Eocene to Lower Oligocene;

Eguiluz de Antuñano et al., 2000). Before the Upper Paleocene (ca. 55.8 to 58.7

Ma b.p.), there were nearly no emerged lands in the Southern part of the North

American tectonic píate. Consequently, there were no strong biological connections

between North and South America, despite the existence of archipelagos that could

have served as stepping stones (Santiago-Valentin & Olmstead, 2004), creating a

weak link between these two continental land masses, particularly for animáis (Pen-

nington et al., 2006b).

It has been repeatedly pointed out that the fossil record supports the idea of an

evolutionary route for Mexican vegetation starting from the tropical wet, through the

tropical sub-humid, to the xerophytic vegetation (Rzedowski, 1978; 1991; Cevallos-

Ferriz & Ramírez, 2004). Also, the cores of the ranges of those species that are

shared between TDF and the deserts of northern México suggest that the latter Sys-

tems derived from the dry forests (Lott & Atkinson, 2002), despite the large diversity

of Mexican deserts and their high level of endemism both at the genus and family

levels (Rzedowski, 1962; Lavin et al., 2003).

In México, topographically rocky systems (e.g. outcrops, karst terrain, lava

fields) where xerophytic communities thrive are common, though they are quite dis-
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tant from the core of México’ s large arid and semiarid regions. Such xerophytic

communities are often patchily distributed within a matrix of mesophytic vegeta-

tion. Consequently, these communities have been referred to as ‘xerophytic veg-

etation enclaves’ (Pérez-García & Meave, 2004). Edaphic aridity imposes similar

constraints on plants as those derived from desert climates, which leads to ecological

similarities between these environments. González-Medrano (1996) suggested that

an important step in the colonization of arid zones was the previous adaptation in

island-like xerophytic environments, particularly in rocky habitats with limestone

and basaltic substrates.

The vegetation of rocky environments is very heterogeneous regarding species

richness. For example, 66 species of vascular plants occur in such habitats in Ivory

Coast (Porembski et al., 1996), 86 in Rio de Janeiro, Brazil (Meirelles et al., 1999),

between 100 and 200 in Córdoba Province, Argentina (Cabido et al., 1990), 232 in

Serra dos Carajas, Brazil (Silva et al., 1996), ca. 538 in the Pedregal (lavafield) of

San Ángel, México (Rzedowski, 1954), and 614 in Southern Venezuela (Groeger &
Barthlott, 1996). Although some of these systems harbor relatively few species, they

commonly contain a large number of endemic taxa (Porembski et al., 1994; González-

Medrano, 1996; Groeger & Barthlott, 1996; Silva et al., 1996; Porembski, 1996; Pal-

vetic & Trinajstic, 1997; González-Medrano & Hernández Mejía, 1998; Porembski et

al., 1998; Danin, 1999; Meirelles et al., 1999). In some places the presence of paleo-

endemics is notorious (Soto et al., 1990; Porembski et al., 1994; Fleischmann et al.,

1996). For example, in dry areas of Cuba, the largest species richness and densities

are concentrated in the mogotes or limestone outcrops (Borhidi, 1996).

Habitat islands may be relicts of formerly more widespread communities that

underwent spatial contraction because of climate changes, as suggested for some mon-

tane (Rzedowski & Palacios-Chávez, 1977; Danin, 1999; Watson & Peterson, 1999)

and lowland communities (Edén, 1974; Meave & Reliman, 1994). In this context,

plant communities that develop on rock outcrops generally represent habitat islands

which differ considerably from their biological surroundings, both in terms of their

floristic composition and their physiognomy (Porembski et al., 1997). These habitats

are characterized by thin and discontinuous soils (Silva et al., 1996), associated to a

low water retention capacity and low fertility (Groeger & Barthlott, 1996; Poremb-

ski et al., 1996; Porembski et al., 1998; Szarzynski, 2000). A distinctive feature of

such vegetation is the prevalence of herbs over trees, among which monocots are

noteworthy (Porembski et al., 1998). In turn, and depending on the specific location,

abundance of succulent and poikilohydric plants is very variable (Porembski, 1996;

Porembski et al., 1995). A remarkable feature commonto most rocky systems is their
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relative stability through time (Porembski et al., 1998; Burke, 2003), and therefore

characterizing these systems as successional is unjustified (Ehrendorfer, 1962).

A related example ineludes those plants thriving on karstic terrains. Frequent-

ly, these habitats harbor endemic plants (Borhidi, 1996; Pérez-García & Meave,

2004), for example Beaucarnea sanctomariana L. Hernández in Los Chimalapas

(Hernández- Sando val, 2001), and Agave guiengola Gentry on Mt. Guiengola (To-

rres-Colín, 1989), both of them being endemic taxa to the Isthmus of Tehuante-

pec, Oaxaca. The presence of the palaeoendemic Mexipedium xerophyticum (Soto

Arenas, Salazar et Hágsater) V.A. Albert et M.W. Chase (Orchidaceae; Soto et al.,

1990) at Los Chimalapas región suggests that at least some elements of the karstic

flora are very oíd, as this species diverged from its sister group, the Asiatic genus

Paphiopedillum
,

at 16.4 to 23 Mab.p. (Albert, 1994). The degree of endemism and

the taxonomic composition of the xerophtic vegetation typical of limestone outerops

suggest that they represent relict communities embedded within a mesophytic envi-

ronment (Pérez-García et al., 2001).

The existence of arid environments within mesophytic ecosystems in México

is documented in the fossil record. For instance, at Los Ahuehuetes, near the fossil-

iferous locality of Tepexi de Rodríguez (Puebla), volcanic ash and associated sand-

stones formed soils with low water retention capacity, resulting in edaphic aridity.

Moreover, the hydrographic conditions at this locality changed drastically, including

the disappearance of rivers and lakes, an indication that the región became drier.

Such environmental development is likely to have selected against taxa that presum-

ably derived from tropical humid vegetation, giving way to a tropical sub-humid

type represented by the fossils studied to date (Ramírez & Cevallos-Ferriz, 2002;

Cevallos-Ferriz & Ramírez, 2004; Calvillo-Canadell & Cevallos-Ferriz, 2005). Sim-

ilarly, it was recently shown how vegetation could have evolved in Panotla (Tlaxca-

la), central México, from the Miocene to the present, changing from a tropical rain

forest to the modemgrasslands that characterize the area. Apparently, these changes

are also intimately linked to processes of edaphic aridity and changes in the región’

s

hydrologic regime, all because of the limited capacity of volcanic soils to retain wa-

ter (Castañeda-Posadas et al., 2009).

There is reliable information that during glaciation events in the Late Pleisto-

cene a large proportion of the territories presently corresponding to the Chihuahuan

and Sonoran deserts were covered by oak or juniper forests, which thrived in a dry

but températe climate (Bryant, 1974; Wells, 1977; Valiente-Banuet, 1995; Van De-

vender, 2000; Van Devender et al., 2000). Similarly, based on the First fossil record

of a giant anteater (Myrmecophaga tridactyla ) for North America (dating from Early
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Pleistocene), it may be inferred that at that time savannas occurred along the coast of

the Gulf of California (Webb & Rancy, 1996). This is interesting because recurrent

fires characterize this vegetation type, a feature that is incompatible with the most

representative xerophytic forms typical of Mexican deserts (succulents, leafless

crassicauls, spiny succulent rosettes, etc.). Although it is likely that in this región xe-

rophytic plants existed, to be best of our knowledge there are no fossil records older

than 10,000 years for the most xerophilous species, such as Larrea
,

Fouquieria, and

Hechtia (Wells, 1977; Schultheis & Baldwin, 1999).

Pleistocene refugia have been proposed as a maintenance mechanism for xe-

rophytic vegetation. According to Wells (1977), such refugia should have the fol-

lowing features: (a) a location at tropical latitudes; (b) protection from the effects of

polar air masses; and (c) present regional or local aridity. These three prerequisites

are met in the southemmost regions of the Chihuahuan desert, such as the Estórax

river basin (Querétaro), the Meztitlán Gorge (Hidalgo) and the Tehuacán-Cuicatlán

Valley (Puebla-Oaxaca). The high biological richness and degree of endemism at

these sites support this idea; however, this Pleistocene refuge model may suffer from

similar criticisms as those expressed against the tropical moist forest refuges (Amo-

rin, 1989; Meave & Kellman, 1994; Meave, 2001; Jaramillo et al., 2006). Many

plants endemic to the North American deserts are absent from the southemmost

deserts, which are allegedly refuge areas. Yet the largest problem continúes to be

that a Pleistocene (or even a slightly older) age for these refuges would be insuf-

ficient to explain the intense radiation of the Mexican xerophytic flora. Moreover,

this hypothesis fails to explain the routes and modes of plant colonization between

North and South America.

Hypotheses concerning pattems of morphological evolution for Cactaceae

have been proposed based on Pereskia
,

a genus displaying some of the most plesio-

morphic traits in the family. Apparently, P. lychnidiflora diverged earlier than other

species of this genus and of the family in general (Edwards & Donoghue, 2006). In a

comparative study of morpho-architectonic and distributional pattems of Cactaceae

in a dry tropical landscape of Southern México (where P. lychnidiflora and other 18

cactus species occur), spatial pattems of vegetative characters matched the family’

s

molecular phylogeny, and those plants having the most derived traits grew on lime-

stone outcrops, the most xerophytic habitats in the región (Tovar-Romero, 2005).

It is surprising that mpicolous vegetation has received so little attention de-

spite its large biological importance (Meirelles et al., 1999; Burke, 2003); however,

it was recently suggested that these communities occur in habitats that are analogous

to those where the process of adaptation to xerophytic conditions may have arisen
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(Pérez-García & Meave, 2004). It is assumed that these habitats host plants whose

ancestors occupy a basal position in the phylogeny of their respective groups, thus

some systematists argüe that the taxa diverged long ago, and the mpicolous floras

are relict communities. Furthermore, the high degree of plant endemism in these

habitats suggests that some taxa have maintained their individuality for a very long

time.

THEPAN-AMERICANBIOGEOGRAPHICALREALM

In tropical dry regions, the precipitation regime is highly seasonal and there is

a considerable diversity of plant communities. Such variation in composition, phe-

nology, and structure is reflected in the existence of many vegetation types whose

floristic elements display a large variation in their morphology and physiology. With

some exceptions, soil fertility is high in these environments, and water is the most

limiting factor (Pennington et al., 2006a). Plants respond to the variation in water

availability with the same intensity along a climatic gradient within a large región

and within a single landscape. The complex responses of vegetation to environmen-

tal heterogeneity are central in understanding the high species diversity that charac-

terizes the dry tropics, especially by allowing the coexistence of species typical of

moist habitats with those clearly adapted to xeric conditions.

The presence of Tire or highly specific soil characteristics such as low fertility,

in some portions of this climatic región has led to the development of savanna-like

communities, with very unique floristic components. Typical TDF trees and succu-

lent plants are fire intolerant, so that the presence of these plants suggests that TDF
is not subjected to much fire disturbance. In fact, this vegetation type might well

be much more locally persistent than other vegetation types. The spiny low stature

tropical forest, perhaps a marginal variety of TDF, as well as plant communities on

rocky outcrops, share many taxa with deserts, and the ancestors of the highly diverse

modemdesert plants are likely to have First evolved in this types of communities.

Graham (201 1) suggested that the study of modemcommunities that are ad-

j acent or cióse to each other in space is useful for understanding how different plant

communities have replaced each other through time. The intermediate position of

the dry tropics between humid and arid ecosystems (Trejo, 1996) bestows upon it a

large biological valué, particularly from a biogeographical perspective (Pennington

et al., 2000). Additionally, this ecosystem boasts an important endemic component,

which gives the TDF vegetation an identity in its own right. Both the fossil record
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(Cevallos-Ferriz & González-Torres, 2005) and the molecular evidence point to the

antiquity of the history of Mexican dry tropical vegetation (> 20 Ma b.p.; Becerra,

2003; 2005; Weeks et al., 2005). There is a relative consensus that the tropical floras

from the Cenozoic that occurred at higher latitudes of North America (where this

vegetation is lacking at present) may be important precursors of the Mexican tropi-

cal biota. Its marginal character and relative isolation (given the peninsular position

of the Mexican territory on the North American píate) may have caused México to

act as a refuge for the Boreotropical flora, but also as an ecological island, while

permitting an active differentiation process in its flora (Cevallos-Ferriz & González-

Torres, 2005). Based on these considerations, we conclude that treating TDF as a

plant community that has a prominent South American component is not warranted,

and thus this plant formation cannot be considered as being part of the Neotropical

Realm.

The floristic similarities between TDF and the typical vegetation of the arid

regions of México and Southern United States, along with the different forras of

transitional vegetation between them, lead to the idea that the xerophytic vegeta-

tion of the hot North American deserts shares a common biogeographical origin

with TDF (Van Devender, 2000), although the latter seems to have an older ori-

gin. Many representative plant species of the hot North American deserts have been

traditionally associated with the Neotropical Realm, including the genera Agave
,

Hechtia
,
Larrea

,
Opuntia, Prosopis

,
and others that are more typical of the Mexican

TDF like Bursera
,

Fouquieria
,

and Pachycereus. Therefore, and in agreement with

Rzedowski (1978), we argüe that the biogeographical classification of the TDF and

the hot North American deserts (Sonoran, Chihuahuan and Mohave) as belonging to

two different biogeographical realms does not make sense, at least from a floristic

perspective. Besides, the prevalence of Agavaceae and Cactaceae in these deserts is

inconsistent with a trae Gondwanan origin, as these families are quasi-endemic to

the Americas. Likewise, the Fabaceae component of these deserts does not match the

Gondwanan origin hypothesis (Doyle & Luckow, 2003). In particular, apparently

Agavaceae originated in North America ca. 20-26 Mab.p., and Yucca seems to be

one of the basal clades of this family (Good- Avila et al., 2006).

If TDF is not Neotropical, and the North American hot deserts are not Nearctic,

what are they? There is no easy answer to this question, as the elements comprised

in each of these two floras could have its own, different geographical origin, and if

they originated outside of this región, they could have migrated into it at different

times. In our view, the distinction between the Nearctic and the Neotropical floristic

Realms needs to be revised in the light of a historical biogeographical perspective.
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The evolutionary history of the seasonally dry tropical flora of México strongly sug-

gests that the traditional Neotropical vs. Nearctic biogeographical dichotomy should

be replaced by the recognition of the existence of a Pan-American Realm.

A Pan-American Realm would result from the merging of two previously rec-

ognized and widely accepted realms, and thus its high-ranking position is warranted.

Moreover, this biogeographical realm as a natural entity is strongly supported by

the existence of numerous endemic taxa, particularly of higher rank. In the case

of plants, well-known examples of such Pan-American endemic or nearly endemic

higher taxa are Agavaceae, Bromeliaceae, Cactaceae, Cannaceae, Crossosomataceae,

Heliconiaceae, Fouqueriaceae, Limnanthaceae, and Simmondsiaceae. Notable en-

demic animal taxa inelude Ramphastidae, Tinamidae, Trochilidae and Troglodytidae

among birds, as well as the mammalian groups Didelphidae, the Platyrrhini monkey

families, and the superorder Xenarthra (Edentata). Further examples of animal Pan-

American endemics are Agkistrodon
,

Crotalus
,

Bothrops
,

and other snake genera in

the Viperidae family, as well as the Phrynosomatidae family and the Liolaeminae

subfamily of lizards.

Wesuspect that the temí ‘tropical’ within the word ‘Neotropical’ is to some ex-

tent responsible for the widespread tendeney to associate the Neotropical Realm with

tropical climates, on the one hand, and by default the Nearctic Realm with températe

and coid climates, on the other. In fact, in México the line separating frost-free from

frost-prone areas is frequently used as an indication of the location of the major biologi-

cal frontier separating two biogeographical realms. Although even a superficial look of

modemclimatic heterogeneity throughout the Americas would prove this idea incor-

rect, the mistake becomes colossal when palaeoclimatic heterogeneity is considered.

FINAL REMARKS

Undoubtedly, numerous aspeets of the dry tropics of México remain poorly

known, especially those related to regeneration, dispersal, and phytogeography. Our

knowledge of the dry tropics flora is uneven; while there are localities for which

inventories are very complete and reliable, for many others there is virtually no

available information, particularly areas along the coasts of Michoacán, Oaxaca and

Chiapas, despite signifleant efforts to overeóme this deficiency (Zizumbo & Colun-

ga, 1980; Pineda-García et al., 2007; Salas-Morales et al., 2003; 2007).

At some localities, mostly in western México, TDF has an important endemic

component (Lott, 1985; 1993; Lott & Atkinson, 2002). This feature alone justifies not
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treating the dry tropics flora as a depaupérate subset of the humid tropics flora (To-

ledo Rizzini, 1997; Gentry, 1995; Becerra, 2005). Conversely, it is more reasonable

to recognize both ecosystems as distinct entities with a partially shared history: the

tropical humid vegetation contributes lushness and biodiversity, whereas the vegeta-

tion of the dry tropics contributes a complex history and a large share of endemic spe-

cies. Unfortunately, the vegetation in the dry tropics, particularly the forest communi-

ties, is threatened worldwide due to human activities (Gillespie et al., 2000; Miles et

al., 2006; Pennington et al., 2006a; Maass et al., 2010), and in México annual rates

of TDF deforestation are very high (Mooney et al., 1995; Trejo & Dirzo, 2000). The

transformation of dry tropical ecosystems may have consequences not only for bio-

diversity maintenance, but also for ecosystem functioning (Maass, 1995) and future

climate change (Miles et al., 2006). The exclusivity of the dry tropics flora should be

better appreciated, and this character should suffice to encourage the establishment of

nature protection areas in this biome of large contrasts and spectacular colors.

ACKNOWLEDGEMENTS

Weare grateful to Jerzy Rzedowski for his kind invitation to write a contribu-

tion to this meaningful issue of Acta Botánica Mexicana. The insightful comments

of A. Búrquez, A. Correa-Metrio, H. Flores, G. Ibarra-Manríquez, T. Kavanagh, M.

Lavin, J. J. Morrone, and J. L. Villaseñor greatly impro ved this manuscript, as well

as those of J. X. Becerra and O. Briones, who acted as reviewers and made numerous

constructive remarks. This study received financial support from PAPIIT-UNAM
(IN221503-3) and CONACyT(CB-2009-01-128136).

LITERATURECITED

Acosta, S., A. Flores, A. Saynes, R. Aguilar & G. Manzanero. 2003. Vegetación y flora de

una zona semiárida del río Tehuantepec, Oaxaca, México. Polibotánica 16: 125-152.

Acosta-Castellanos, S. 1992. La parte alta de la cuenca del río Tehuantepec, Oaxaca:

flora, comunidades y relaciones fitogeográficas. M. Se. Thesis. Instituto Politécnico

Nacional. México, D.F., México. 82 pp.

Acosta-Castellanos, S. 1995. Introducción a la fitogeografía de Oaxaca. In: Vásquez-Dávila,

M. A. (ed.). Sociedad y naturaleza en Oaxaca. La tecnología agrícola tradicional.

Instituto Indigenista Interamericano, Consejo Nacional de Ciencia y Tecnología &
Instituto Tecnológico de Oaxaca. México, D.F., México, pp. 39-47.

179



Acta Botánica Mexicana 100 : 149-193 ( 2012 )

Albert, V. 1994. Cladistic relationships ofthe slipper orchids (Cypripedioideae: Orchidaceae)

from congruent morphological and molecular data. Lindleyana 9: 115-132.

Amorin, D. S. 1989. Refuge model simulations: testing the theory. Rev. Bras. Entomol. 35:

803-812.

Arriaga, L. & J. L. León. 1989. The Mexican tropical deciduous forests of Baja California

Sur: a floristic and structural approach. Vegetatio 84: 45-52.

Axelrod, D. I. 1950a. Evolution of desert vegetation in western North America. Contrib.

Paleontol. 27: 215-306.

Axelrod, D. I. 1950b. Classification ofthe Madro-Tertiary flora. Contrib. Paleontol. 27: 1-22.

Axelrod, D. I. 1975. Evolution and biogeography ofMadrean-Tethyan sclerophyll vegetation.

Ann. Mo. Bot. Gard. 62: 280-334.

Axelrod, D. I. 1979. Desert vegetation, its age and origin. In: Goodin, J. R. & D. K.

Morthington (eds.). Arid land plant resources. Texas Technical University Press.

Lubbock, Texas, USA. pp. 1-72.

Balvanera, P. 1999. Diversidad beta, heterogeneidad ambiental y relaciones espaciales en

una selva baja caducifolia. Ph.D. Thesis. Universidad Nacional Autónoma de México.

México, D.F., México. 119 pp.

Balvanera, P., E. Lott, G. Segura, C. Siebe & A. Islas. 2002. Patterns of p-diversity in a

Mexican tropical dry forest. J. Veg. Sci. 13: 145-158.

Becerra, J. X. 2003. Evolution of the Mexican Bursera (Burseraceae) inferred from ITS,

ETS, and 5S nuclear ribosomal DNAsequences. Mol. Phylogenet. Evol. 26: 300-319.

Becerra, J. X. 2005. Timing the origin and expansión of the Mexican tropical dry forest. P.

Nati. Acad. Sci. USA 102: 10919-10923.

Becerra, J. X., K. Noge, S. Olivier & D. L. Venable. 2012. The monophyly of Bursera and its

impact for divergence times of Burseraceae. Taxon 61: 333-343.

Bell, C. D., D. E. Soltis & P. S. Soltis. 2010. The age and diversification of the Angiosperms

re-revisited. Am. J. Bot. 97: 1296-1303.

Beraldi-Campesi H., S. R. S. Cevallos-Ferriz, E. Centeno-García, C. Arenas-Abad & L. P.

Fernández. 2005. Sedimentology and paleoecology of an Eocene-Oligocene alluvial-

lacustrine arid system, Southern México. Sediment. Geol. 191: 227-254.

Bonesso, A., B. Machado & J. M. Felfili. 2000. Diversidade e distribui?áo de espécies

arbóreas emduas matas de galería na micro-bacía do riacho Fundo, Distrito Federal.

Acta Bot. Bras. 14: 197-214.

Borhidi, A. 1996. Phytogeography and vegetation ecology of Cuba. Akadémiai Kiadó.

Budapest, Hungary. 923 pp.

Bowman, D. M. 1996. Diversity patterns of woody species on a latitudinal transect from

the monsoon tropics to desert in the Northern Territory, Australia. Aust. J. Bot. 44:

571-580.

Briones, O. 1994. Origen de los desiertos mexicanos. Ciencia 45: 263-279.

Bryant, V. M. Jr. 1974. Late Quaternary pollen records from the east-central periphery

of the Chihuahuan desert. In: Wauer, R. H. & D. H. Riskind (eds.). Transactions

of the symposium on the biological resources of the Chihuahuan Desert región,

United States and México. U.S. Department of the Interior, National Park Services

Transactions and Proceedings Series 3, 1997. Washington, D.C., USA. pp. 3-21.

180



Pérez-García et al.: Flora and vegetation of the seasonally dry tropics in México

Burgos A. & J. M. Maass. 2004. Vegetation change associated with land-use change in

tropical dry forest areas of Western México. Agr. Ecosyst. Environ. 104: 475-481.

Burke, A. 2003. Inselbergs in a changing world - global trends. Divers. Distrib. 9: 375-383.

Burnham, R. J. &A. Graham 1999. The history of Neotropical vegetation: new developments

and status. Ann. Mo. Bot. Gard. 86: 546-589.

Búrquez, A. & A. Martínez-Yrízar. 2010. Límites geográficos entre las selvas bajas

caducifolias y matorrales espinosos y xerófilos: ¿qué conservar? In: Ceballos, G., L.

Martínez, A. García, E. Espinosa, J. Bezaury & R. Dirzo (eds.). Diversidad, amenazas

y prioridades para la conservación de las selvas secas del Pacífico de México. Fondo

de Cultura Económica. México, D.F., México, pp. 53-62.

Cabido, M., A. Acosta & S. Díaz. 1990. The vascular flora and vegetation of granitic outcrops

in the upper Córdoba mountains, Argentina. Phytocoenologia 19: 267-281.

Calvillo-Canadell, L. & S. R. S. Cevallos-Ferriz. 2005. Diverse assemblage of Eocene and

Oligocene Leguminosae from México. Int. J. Plant Sci. 166: 671-692.

Camacho-Rico, F., I. Trejo & C. Bonfil. 2006. Estructura y composición de la vegetación

ribereña de la barranca del río Tembembe, Morelos, México. Bol. Soc. Bot. Méx. 78:

17-32.

Castañeda-Posadas, C., L. Calvillo-Canadell & S. R. S. Cevallos-Ferriz. 2009. Woods from

Miocene sediments in Panotla, Tlaxcala, México. Rev. Palaeobot. Palyno. 156: 494-506.

Castañeda-Posadas, C. & S. R. S. Cevallos-Ferriz. 2007. Swietenia (Meliaceae) flower

included in Miocene amber from Simojovel de Allende, Chiapas, México. Am. J.

Bot. 94: 1821-1827.

Castillo-Campos, G., P. Dávila-Aranda & J. A. Zavala-Hurtado. 2007. La selva baja

caducifolia de una corriente de lava volcánica en el centro de Veracruz: lista florística

de la flora vascular. Bol. Soc. Bot. Méx. 79: 43-70.

Cedano-Maldonado, M. & M. Harker. 2000. Listado florístico preliminar del volcán

Ceboruco, Nayarit, México. Bol. Inst. Bot. (Guadalajara) 8: 137-168.

Cerros-Tlatilpa, R. & A. Espejo-Serna. 1998. Contribución al estudio florístico de los

cerros El Sombrerito y Las Mariposas (Zoapapalotl) en el municipio de Tlayacapan,

Morelos, México. Polibotánica 8: 29-46.

Cevallos-Ferriz, S. R. S. & J. Barajas-Morales. 1994. Fossil woods from the El Cien

Formation in Baja California Sur: Leguminosae. IAWA J. 15: 229-245.

Cevallos-Ferriz, S. R. S. & E. A. González-Torres. 2005. Geological setting and

phytodiversity in México. In: Vega, F. J., T. G. Nyborg, M. del C. Perrilliat, M.

Montellano-Ballesteros, S. R. Cevallos-Ferriz & S. A. Quiroz-B arroso (eds.). Studies

on Mexican paleontology. Springer. Amsterdam, The Netherlands. pp. 1-18.

Cevallos-Ferriz, S. R. S. & J. L. Ramírez. 2004. Bosquejo de la evolución florística. In: García-

Mendoza, A. J., M. J. Ordóñez & M. Briones-Salas (eds.). Biodiversidad de Oaxaca.

Universidad Nacional Autónoma de México, Fondo Oaxaqueño para la Conservación

de la Naturaleza & World Wildlife Fund. México, D.F., México, pp. 87-104.

Challenger, A. 1998. Utilización y conservación de los ecosistemas terrestres de México:

pasado, presente y futuro. Comisión Nacional para el Conocimiento y Uso de la

Biodiversidad, Universidad Nacional Autónoma de México and Agrupación Sierra

Madre, A.C., México, D.F., México. 847 pp.

181



Acta Botánica Mexicana 100 : 149-193 ( 2012 )

Chaney, 1959. Miocene floras of the Columbia Plateau. Pt. 1. Composition and interpretation.

Carnegie Inst. Washington Pub. 617. pp. 1-134.

Chiappy-Jhones, C., V. Rico-Gray, L. Gama& L. Giddings 2001. Floristic afinities between

the Yucatán Península and some karstic areas of Cuba. J. Biogeogr. 28: 535-542.

Corlett R. T. & R. B. Primack, 2006. Tropical rainforests and the need for cross-continental

comparisons. Trends Ecol. Evol. 21: 104-110.

Correa-Metrio, A., M. B. Bush, D. A. Hodell, M. Brenner, J. Escobar & T. Guilderson.

2012. The influence of abrupt climate change on the ice-age vegetation of the Central

American lowlands. J. Biogeogr. 39: 497-509.

Cox, B. 2001. The biogeographic regions reconsidered. J. Biogeogr. 28: 511-523.

Cox, A. V., A. M. Pridgeon, V. A. Albert & M. W. Chase. 1997. Phylogenetics of the slipper

orchids (Cypripedioideae, Orchidadeae): nuclear rDNA ITS sequences. Plant Syst.

Evol. 208: 197-223.

Cué-Bár, E. M., J. L. Villaseñor, J. J. Morrone & G. Ibarra-Manríquez. 2006. Identifying

priority areas for conservation in Mexican tropical deciduous forest based on tree

species. Interciencia 31: 712-719.

Danin, A. 1999. Sandstone outcrops: a major refugium of Mediterranean flora in the xeric

part of Jordán. Isr. J. Plant Sci. 47: 179-187.

Dávila Aranda, P., J. L. Villaseñor Ríos, R. Medina Lemos, A. Ramírez Roa, A. Salinas

Tovar, J. Sánchez-Ken & P. Tenorio Lezama. 1993. Listados florísticos de México X.

Flora del Valle de Tehuacán-Cuicatlán. Universidad Nacional Autónoma de México.

México, D.F., México. 195 pp.

Dick, C. W. & S. J. Wright. 2005. Tropical mountain eradles of dry forest diversity. P. Nati.

Acad. Sci. USA 102: 10757-10758.

Diego-Pérez, N. 2000. Lagunas Playa Blanca, El Potosí, Salinas del Cuajo y zonas

circundantes. In: Diego-Pérez, N. & R. Fonseca (eds.). Estudios florísticos de

Guerrero No. 10. Universidad Nacional Autónoma de México. México, D.F., México.

33 pp.

Diego-Pérez, N. & L. Lozada-Pérez. 1994. Laguna de Tres Palos. In: Diego-Pérez, N. &
R. Fonseca (eds.). Estudios florísticos de Guerrero No. 3. Universidad Nacional

Autónoma de México. México, D.F., México. 29 pp.

Diego-Pérez, N., R. Oviedo, L. Lozada & R. M. Fonseca. 1996/97. Vegetación costera de

lagunas y zonas inundables Cuba- Guerrero, México. Acta Bot. Hung. 40: 45-111.

Doyle, J. J. & M. A. Luckow. 2003. The rest of the iceberg. Legume diversity and evolution

in a phylogenetic context. Plant Physiol. 131: 900-910.

Dunphy, B. K., P. G. Murphy & A. E. Lugo. 2000. The tendency for trees to be multiple-

stemmed in tropical and subtropical dry forests: studies of Guanica forest, Puerto

Rico. Trop. Ecol. 41: 161-167.

Durán, E., J. A. Meave, E. J. Lott & G. Segura. 2006. Structure and diversity patterns at

landscape level in a Mexican tropical deciduous forest. Bol. Soc. Bot. Méx. 79: 43-60.

Durán, R. & I. Olmsted. 1987. Listado florístico de la reserva de Sian Ka’an. Amigos de Sian

Ka’an. Puerto Morelos, Quintana Roo, México. 71 pp.

Edén, M. J. 1974. Paleoclimatic influences and the development of savanna in Southern

Venezuela. J. Biogeogr. 1: 95-109.

182



Pérez-García et al.: Flora and vegetation of the seasonally dry tropics in México

Edwards, E. J. & M. J. Donoghue. 2006. Pereskia and the origin of the cactus life form. Am.
Nat. 167: 777-793.

Eguiluz de Antuñano S., M. Aranda-García & R. Marrett. 2000. Tectónica de la Sierra

Madre Oriental, México. Bol. Soc. Geol. Méx. 53: 1-26.

Ehrendorfer, F. 1962. Cytotaxonomische Beitráge zur Genese der Mitteleuropáischen Flora

und Vegetation. Ber. Deutsch. Bot. Ges. 75: 137-152.

Eiten, G. 1972. The cerrado vegetation of Brazil. Bot. Rev. 38: 201-341.

Eiten, G. 1997. Uso do termo savana. Port. Acta Biol. B 17: 189-263.

Fernández, R., C. Rodríguez, M. F. Arreguín & A. Rodríguez. 1998. Fistado florístico de la

Cuenca del Río Balsas, México. Polibotánica 9: 1-151.

Ferrari F., M. Valencia-Moreno & S. Bryan. 2005. Magmatismo y tectónica en la Sierra

Madre Occidental y su relación con la evolución de la margen occidental de

Norteamérica. Bol. Soc. Geol. Mex. 57: 343-378.

Ferrusquía-Villafranca, I. 1993. Geology of México: a synopsis. In: Ramamoorthy, T. P., R.

Bye, A. Fot & J. Fa (eds.). Biological diversity of México: origins and distribution.

Oxford University Press. NewYork, USA. pp. 3-107.

Fiaschi, P. & J. R. Pirani. 2009. Review of plant biogeographic studies in Brazil. J. Syst.

Evol. 47: 477-496.

Fleischmann, K., S. Porembski, N. Biedinger & W. Barthlott. 1996. Inselbergs in the

sea: vegetation of granite outcrops on the islands of Mahe, Praslin and Silhouette

(Seychelles). Bull. Geobot. Inst. 62: 61-74.

Flores, J. S. 1992. Vegetación de las islas de la Península de Yucatán: florística y etnobotánica.

Etnoflora Yucatanense 4: 1-94.

Fonseca, R. M. & F. Fozada-Pérez. 1993. Faguna de Coyuca. In: Diego-Pérez, N. & R.

Fonseca (eds.). Estudios florísticos de Guerrero No. 1. Universidad Nacional

Autónoma de México. México, D.F., México. 23 pp.

Furley, P. 2006. Tropical savannas. Prog. Phys. Geog. 30: 105-121.

Gallardo, C. 1996. Parque Ecológico Fa Vainilla. In: Diego-Pérez, N. & R. Fonseca (eds.).

Estudios florísticos de Guerrero No. 8. Universidad Nacional Autónoma de México.

México, D.F., México. 61 pp.

Gallardo-Cruz J. A., J. A. Meave, E. J. González, E. Febrija-Trejos, M. A. Romero-Romero,

E. A. Pérez-García, R. Gallardo-Cruz, J. F. Hernández- Stefanoni & C. Martorell.

2012. Predicting successional forest attributes from space: is the key hidden in image

texture? PFoS One 7: e30506.

Gallardo-Cruz, J. A., J. A. Meave, E. A. Pérez-García & J. F. Hernández-Stefanoni. 2010.

Spatial structure of plant communities in a complex tropical landscape: implications

for p-diversity. Community Ecol. 11: 201-210.

Gallardo-Cruz, J. A., J. A. Meave & E. A. Pérez-García. 2005. Estructura, composición y
diversidad de la selva baja caducifolia del Cerro Verde, Nizanda (Oaxaca), México.

Bol. Soc. Bot. Méx. 76: 19-35.

Gallardo-Cruz, J. A., E. A. Pérez-García & J. A. Meave. 2009. p-diversity and vegetation

structure as influenced by slope aspect and altitude in a seasonally dry tropical

landscape. Fandscape Ecol. 24: 473-482.

García, E. 2004. Modificaciones al sistema de clasificación climática de Kóppen. 5a ed.

Universidad Nacional Autónoma de México, México, D.F., México. 90 pp.

183



Acta Botánica Mexicana 100 : 149-193 ( 2012 )

García-Mendoza, A., P. Tenorio Lezama & J. Reyes Santiago. 1994. El endemismo en la flora

fanerogámica de la Mixteca Alta, Oaxaca-Puebla, México. Acta Bot. Mex. 27: 53-73.

Gastón, K. J. 2000. Global patterns in biodiversity. Nature 405: 220-227.

Gentry, A. 1995. Diversity and floristic composition of Neotropical dry forests. In: Bullock,

S. H., H. A. Mooney & E. Medina (eds.). Seasonally dry tropical forests. Cambridge

University Press. Cambridge, UK. pp. 146-194.

Gillespie, T. W., A. Grijalva & C. N. Farris. 2000. Diversity, composition, and structure of

tropical dry forests in Central America. Plant Ecol. 147: 37-47.

Givnish, T. J., M. H. J. Barfuss, B. Van Ee, R. Riina, K. Schulte, R. Horres, P. A. Gonsiska,

R. S. Jabaily, D. M. Crayn, J. A. C. Smith, K. Winter, G. K. Brown, T. M. Evans, B.

K. Holst, H. Luther, W. Till, G. Zizka, P. E. Berry & K. J. Sytsma. 2011. Phylogeny,

adaptive radiation, and historical biogeography in Bromeliaceae: insights from an

eight-locus plastid phylogeny. Am. J. Bot. 98: 872-895.

Goldman, E. A. 1951. Biological investigations in México. Smithsonian Mise. Coll. 115: 1-476.

González-Medrano, F. 1996. Algunos aspectos de la evolución de la vegetación de México.

Bol. Soc. Bot. Méx. 58: 129-136.

González-Medrano, F. & F. Chiang. 1988. Diversidad florística y fitogeografía de las zonas

áridas del centro y del sur de México. Simposio sobre diversidad biológica de México.

Universidad Nacional Autónoma de México. México, D.F., México, pp. 20-21.

González-Medrano, F. & G. Hernández Mejía. 1998. Las dolinas de Tamaulipas. Ciencias

50: 56-58.

Good-Avila, S. V., V. Souza, B. S. Gaut & L. E. Eguiarte. 2006. Timing and rate of speciation

in Agave (Agavaceae). P. Nati. Acad. Sci. USA 103: 9124-9129.

Graham, A. 1993. Historical factors and the biological diversity of México. In: Ramamoorthy,

T. P., R. Bye, A. Lot & J. Fa (eds.). Biological diversity of México: origins and

distribution. Oxford University Press. NewYork, USA. pp. 109-127.

Graham, A. 2011 The age and diversification of terrestrial new world ecosystems through

Cretaceous and Cenozoic time. Am. J. Botany 98: 336-351.

Groeger, A. & W. Barthlott. 1996. Biogeography and diversity of the inselberg (Laja)

vegetation of Southern Venezuela. Biodivers. Letters 3: 165-179.

Gual, M. 1995. Cañón del Zopilote (Área Venta Vieja). In: Diego-Pérez, N. & R. Fonseca

(eds.). Estudios florísticos de Guerrero No. 6. Universidad Nacional Autónoma de

México. México, D.F., México. 39 pp.

Guindáo Cruz R., P, M. A. Batalha, V. R. Pivello & S. T. Meirelles. 2002. Soil-vegetation

relationships in cerrado (Brazilian savanna) and semideciduous forest, Southern

Brazil. Plant Ecol. 160: 1-16.

Haffer, J. 1982. General aspects of the refuge theory. In: Prance, G. T. (ed.). Biological

diversification in the tropics. Columbia University Press. NewYork, USA. pp. 6-24.

Hágsater, E., M. Á. Soto-Arenas, G. A. Salazar-Chávez, R. Jiménez, M. A. López-Rosas

& R. L. Dressler. 2005. Las orquídeas de México. Instituto Chinoín. México, D.F.,

México. 304 pp.

Hernández- Sandoval, L. 2001. Beaucarnea sanctomariana (Nolinaceae), a new micro-

endemic species of ponytail palm from the Isthmus of Tehuantepec, Oaxaca, México.

Novon 11: 50-53.

184



Pérez-García et al.: Flora and vegetation of the seasonally dry tropics in México

Ibarra-Manríquez, G., J. L. Villaseñor & R. Durán. 1995. Riqueza de especies y endemismos

del componente arbóreo de la Península de Yucatán, México. Bol. Soc. Bot. Méx. 57:

49-77.

Janzen, D. H. & R. Liesner. 1980. Annotated check-list of plants of lowland Guanacaste

Province, Costa Rica, exclusive of grasses and non-vascular cryptogams. Brenesia

18: 15-90.

Jaramillo, C., M. J. Rueda & G. Mora. 2006. Cenozoic plant diversity in the Neotropics.

Science 311: 1893-1896.

Reliman, M. 1984. Synergistic relationships between fire and low soil fertility in Neotropical

savannas: a hypothesis. Biotropica 16: 158-160.

Reliman, M., R. Tackaberry, N. Brokaw & J. Meave. 1994. Tropical gallery forests. Res.

Explor. 10: 92-103.

Lavin, M. 2006. Floristic and geographical stability of discontinuous seasonally dry tropical

forest explains patterns of plant phylogeny and endemism. In: Pennington, R. T., G.

P. Lewis & J. A. Ratter (eds.). Neotropical savannas and seasonally dry forests. Plant

diversity, biogeography, and conservation. Taylor and Francis. Boca Ratón, Florida,

USA. pp. 433-47.

Favin, M. & M. Fuckow. 1993. Origins and relationships of tropical North America in the

context of the boreotropics hypothesis. Am. J. Bot. 80: 1-14.

Favin, M., M. F. Wojciechowski, P. Gasson, C. Hughes & E. Wheeler. 2003. Phylogeny of

Robinioid Fegumes (Fabaceae) revisited: Coursetia and Gliricidia recircumscribed,

and a biogeographical appraisal of the Caribbean endemics. Syst. Bot. 28: 387-409.

Febrija-Trejos, E. 2001. Análisis estructural de la vegetación ribereña en la región de

Nizanda, Oaxaca, México. B.Sc. Thesis. Universidad Nacional Autónoma de México,

México, D.F., México. 133 pp.

Febrija-Trejos, E. E., F. Bongers, E. A. Pérez-García & J. A. Meave. 2008. Successional

change and resilience of a very dry tropical deciduous forests following shifting

agriculture. Biotropica 40: 422-431.

Febrija-Trejos, E., E. A. Pérez-García, J. A. Meave, F. Poorter & F. Bongers. 2010. Pathways,

mechanisms and variability of tropical dry forest succession. Perspect. Plant Ecol.

12: 267-275.

Febrija-Trejos E., E. A. Pérez-García, J. A. Meave, F. Poorter & F. Bongers. 2011.

Environmental changes during secondary succession in a tropical dry forest in

México. J. Trop. Ecol. 27: 477-489.

Fópez-Olmedo, F. I., J. A. Meave & E. A. Pérez-García. 2007. Floristic and structural

contrasts between natural savannas and anthropogenic pastures in a tropical dry

landscape. Rangeland J. 29: 181-190

Fópez-Olmedo, F. I., E. A. Pérez-García & J. A. Meave. 2006. Estructura y composición

florística de las sabanas de la región de Nizanda, Istmo de Tehuantepec (Oaxaca),

México. Acta Bot. Mex. 77: 41-67.

Fott, E. J. 1985. Fistados florísticos de México III. Fa Estación de Biología Chamela, Jalisco.

Universidad Nacional Autónoma de México, México, D.F., México. 46 pp.

Fott, E. J. 1993. Annotated checklist of the vascular flora of the Chamela Bay región, Jalisco,

México. Occas. Pap. Calif. Acad. Sci. 148: 1-60.

185



Acta Botánica Mexicana 100 : 149-193 ( 2012 )

Lott, E. J. & T. H. Atkinson, 2002. Biodiversidad y fitogeografía de Chamela- Cuitxmala,

Jalisco. In: Nogera, F. A., J. Vega & M. Quesada (eds.). Historia natural de Chamela.

Universidad Nacional Autónoma de México, México, D.F., México, pp. 83-97.

Fott, E. J. & T. H. Atkinson. 2006. Mexican and Central American seasonally dry tropical

forests: Chamela- Cuixmala, Jalisco, as a focal point for comparison. In: Pennington,

R. T., G. P. Fewis & J. A. Ratter (eds.). Neotropical savannas and seasonally dry

forests. Plant diversity, biogeography, and conservation. Taylor and Francis. Boca

Ratón, Florida, USA. pp. 315-342.

Fott, E. J., S. H. Bullock & J. A. Solís Magallanes. 1987. Floristic diversity and structure of

upland and arroyo forests of Coastal Jalisco. Biotropica 19: 228-235.

Fozada-Pérez, F. 1994. Faguna de Mitla. In: Diego-Pérez N. & R. Fonseca (eds.). Estudios

florísticos de Guerrero No. 2. Universidad Nacional Autónoma de México. México,

D.F., México. 44 pp.

Maass, J. M. 1995. Conversión of tropical dry forest to pasture and agriculture. In: Bullock,

S. H., H. A. Mooney & E. Medina (eds.). Seasonally dry tropical forests. Cambridge

University Press. Cambridge, UK. pp. 399-422.

Maass, J. M., P. Balvanera, A. Castillo, G. C. Daily, H. A. Mooney, P. Ehrlich, M. Quesada,

A. Miranda, V. J. Jaramillo, F. García-Oliva, A. Martínez-Yrízar, H. Cotler, J. López-

Blanco, A. Pérez- Jiménez, A. Búrquez, C. Tinoco, G. Ceballos, F. Barraza, R. Ayala

& J. Sarukhán. 2005. Ecosystem Services of tropical dry forests: insights from long-

term ecological and social research on the Pacific Coast of México. Ecol. Soc. 10: 17.

Maass J. M., A. Búrquez, I. Trejo, D. Valenzuela, M. A. González, M. Rodríguez & H.

Arias. 2010. Amenazas. In: Ceballos, G., F. Martínez, A. García, E. Espinoza, J.

Bezaury Creel & R. Dirzo (eds.). Diversidad, amenazas y áreas prioritarias para la

conservación de las selvas secas del Pacífico de México. Fondo de Cultura Económica,

México, D.F., México, pp. 321-346.

Magallón, S. & A. Castillo. 2009. Angiosperm diversification through time. Am. J. Bot. 96:

349-365.

Magallón, S. A. & M. J. Sanderson. 2005. Angiosperm divergence times: the effect of genes,

codon, positions, and time constraints. Evolution 59: 1653-1670.

Maldonado, B. J. 1997. Aprovechamiento de los recursos florísticos de la Sierra de Huautla,

Morelos, México. M.Sc. Thesis. Universidad Nacional Autónoma de México. México,

D.F., México. 149 pp.

Martínez, E. & C. Galindo-Feal. 2002. Ea vegetación de Calakmul, Campeche, México:

Clasificación, descripción y distribución. Bol. Soc. Bot. Méx. 71: 7-32.

Martínez, E., M. Sousa & C. H. Ramos Álvarez. 2001. Listados florísticos de México

XXII. Región de Calakmul, Campeche. Universidad Nacional Autónoma de México,

México, D. F., México. 55 pp.

Martínez-Cabrera, H. I., S. R. S. Cevallos-Ferriz & I. Poole. 2006. Fossil woods from Early

Miocene sediments of the El Cien Formation, Baja California Sur, México. Rev.

Palaeobot. Palyno. 138: 141-163.

Martínez-Gordillo, M. & J. J. Morrone. 2005. Patrones de endemismo y disyunción de los

géneros de Euphorbiaceae sensu lato: un análisis panbiogeográfico. Bol. Soc. Bot.

Méx. 77: 21-33.

186



Pérez-García et al.: Flora and vegetation of the seasonally dry tropics in México

Martínez-Hernández, E. & E. Ramírez-Arriaga. 1996. Paleocorología de angiospermas de

la flora mexicana durante el Mesozoico y Terciario: algunas evidencias palinológicas.

Bol. Soc. Bot. Méx. 58: 87-97.

Martínez-Yrízar, A., A. Búrquez & M. Maass. 2000. Structure and functioning of tropical

deciduous forest in Western México. In: Robichaux, R. H. & D. A. Yetman. The

tropical deciduous forest of Alamos: biodiversity of a threatened ecosystem in

México. University of Arizona Press. Tucson, Arizona, USA. pp. 19-35.

Maza-Villalobos S., C. Lemus-Herrera &M. Martínez-Ramos. 2011. Successional trends in soil

seed banks of abandoned pastures of a Neotropical dry región. J. Trop. Ecol. 27: 35-49.

Meave, J. A. 2001. El potencial de los bosques ribereños en sabanas tropicales como

microrefugios ecológicos para plantas de selvas húmedas durante periodos áridos

del Pleistoceno. In: Llorente-Bousquets, J. & J. J. Morrone (eds.). Introducción

a la biogeografía en Latinoamérica: teorías, conceptos, métodos y aplicaciones.

Universidad Nacional Autónoma de México. México D.F., México, pp. 137-140.

Meave, J. & M. Reliman. 1994. Maintenance of rain forest plant diversity in tropical riparian

forest fragments: implications for species conservation during Pleistocene drought.

J. Biogeogr. 21: 121-135.

Medina, E. 1995. Diversity of life forms of higher plants in Neotropical dry forests. In:

Bullock, S. H., H. A. Mooney & E. Medina (eds.). Seasonally dry tropical forests.

Cambridge University Press. Cambridge, UK. pp. 221-242.

Menaut, J. C., M. Lepage & L. Abbadie. 1995. Savannas, woodlands and dry forests in

Africa. In: Bullock, S. H., H. A. Mooney & E. Medina (eds.). Seasonally dry tropical

forests. Cambridge University Press. Cambridge, UK. pp. 64-92.

Meirelles, S. T., V. R. Pivello & C. A. Oly. 1999. The vegetation of granite rock outcrops in

Rio de Janeiro, Brazil, and the need for its protection. Environ. Conserv. 26: 10-20.

Miles, L., A. C. Newton, R. S. DeFries, C. Ravilious, I. May, S. Blyth, V. Rapos & J. E.

Gordon. 2006. A global overview of the conservation status of tropical dry forests.

J. Biogeogr. 33: 491-505.

Miller P. M. 1999. Effects of deforestation on seed banks in a tropical deciduous forest of

eastern México. J. Trop. Ecol. 15: 179-188.

Miranda, F. 1998. La vegetación de Chiapas. 3a. ed. Consejo Estatal para la Cultura y las

Artes de Chiapas. Tuxtla Gutiérrez, Chiapas, México. 596 pp.

Miranda, F. & E. Hernández-X. 1963. Los tipos de vegetación en México y su clasificación.

Bol. Soc. Bot. Méx. 28: 29-179.

Mooney H. A., S. Bullock & E. Medina. 1995. Introduction. In: Bullock, S. H., H. A.

Mooney & E. Medina (eds.). Seasonally dry tropical forests. Cambridge University

Press. Cambridge, UK. pp. 1-8.

Morley, R. J. & C. W. Dick. 2003. Missing fossils, molecular clocks, and the origin of the

Melastomataceae. Am. J. Bot. 90: 1638-1644.

Morrone, J. J. 2002. Biogeographical regions under track and cladistic scrutiny. J. Biogeogr.

29: 149-152.

Padilla-Velarde, E., R. Cuevas- Guzmán, G. Ibarra-Manríquez & S. Moreno-Gómez. 2006.

Riqueza y biogeografía de la flora arbórea del estado de Colima, México. Rev. Mex.

Biodivers. 77: 271-295.

187



Acta Botánica Mexicana 100 : 149-193 ( 2012 )

Palvetic, Z. & I. Trinajstic. 1997. Rocky plant vegetation of the ass. Campanulo-Centaureetum

dalmaticae H-ic (1934) 1939 (Centaureo-Campanulion H-ic) (1934) on the Island of

Cres (Croatia). Period. Biol. 99: 441-443.

Pennington, R. T., M. Lavin, D. E. Prado, C. A. Pendry, S. K. Pell & C. A. Butterworth.

2004. Historical climate change and speciation: Neotropical seasonally dry forest

plants show patterns of both Tertiary and Quaternary diversification. Philos. T. Roy.

Soc. B. 359: 515-537.

Pennington, R. T., G. P. Lewis & J. A. Ratter. 2006a. An overview of the plant diversity,

biogeography and conservation of Neotropical of dry forest. In: Pennington, R. T., G.

P. Lewis & J. A. Ratter (eds.). Neotropical savannas and seasonally dry forests. Plant

diversity, biogeography, and conservation. Taylor and Francis. Boca Ratón, Florida,

USA. pp. 1-29.

Pennington, R. T., D. E. Prado & C. A. Pendry. 2000. Neotropical seasonally dry forest and

Quaternary vegetation changes. J. Biogeogr. 27: 261-273.

Pennington, R. T., J. E. Richardson & M. Lavin. 2006b. Insights into the historical

construction of species-rich biomes from dated plant phylogenies, neutral ecological

theory and phylogenetic community structure. NewPhytol. 172: 605-616.

Pennington, T. D. & J. Sarukhán. 1998. Manual para la identificación de los principales

árboles tropicales de México. 2a ed. Fondo de Cultura Económica, Universidad

Nacional Autónoma de México, México D.F., México. 523 pp.

Peralta, S. 1995. Cañón del Zopilote (Área Papalotepec). In: Diego-Pérez, N. & R. Fonseca

(eds.). Estudios florísticos de Guerrero No. 5. Universidad Nacional Autónoma de

México. México, D.F., México. 37 pp.

Peralta-Gómez, S., N. Diego-Pérez & M. Gual-Diaz. 2000. Listados florísticos de México

XIX. La Costa Grande de Guerrero. Universidad Nacional Autónoma de México.

México, D.F., México. 44 pp.

Pérez-García, E. A. & J. A. Meave. 2004. Heterogeneity of xerophytic vegetation of

limestone outcrops in a tropical deciduous forest región. Plant Ecol. 175: 147-163.

Pérez-García, E. A. & J. A. Meave. 2006. Coexistence and divergence of tropical dry forests

and savannas in Southern México. J. Biogeogr. 33: 438-447.

Pérez-García, E. A., J. Meave & C. Gallardo. 2001. Vegetación y flora de la región de

Nizanda, Istmo de Tehuantepec, Oaxaca. Acta Bot. Mex. 56: 19-88.

Pérez-García, E. A., J. A. Meave & J. A. Gallardo-Cruz. 2005. Diversidad p y diferenciación

florística en un paisaje complejo del trópico estacionalmente seco del sur de México.

In: Halffter, G., J. Soberón, P. Koleff & A. Melic (eds.). Sobre diversidad biológica:

el significado de las diversidades alfa, beta y gamma. Sociedad Entomológica

Aragonesa. Zaragoza, Spain. pp. 123-142.

Pérez-García, E. A., J. A. Meave, J. L. Villaseñor, J. A. Gallardo-Cruz & E. E. Lebrija-

Trejos. 2010. Vegetation heterogeneity and life-strategy diversity in the flora of the

heterogeneous landscape of Nizanda, Oaxaca, México. Folia Geobot. 45: 143-161.

Pineda-García, F., L. Arredondo -Amezcua & G. Ibarra-Manríquez. 2007. Riqueza y
diversidad de especies leñosas del bosque tropical caducifolio El Tarimo, Cuenca del

Balsas, Guerrero. Rev. Mex. Biodivers. 78: 129-139.

Porembski, S. 1996. Notes on the vegetation of inselbergs of Malawi. Flora (Jena) 191: 1-8.

188



Pérez-García et al.: Flora and vegetation of the seasonally dry tropics in México

Porembski, S., W. Barthlott, S. Doerrstock &N. Biedinger. 1994. Vegetation of rock outcrops

in Guinea: granite inselberg, sandstone table mountain and ferricretes - remarks on

species number and endemism. Flora (Jena) 189: 315-326.

Porembski, S., G. Brown & W. Barthlott. 1995. An inverted latitudinal gradient of plant

diversity in shallow depression on Ivorian inselbergs. Vegetatio 117: 151-163.

Porembski, S., G. Martinelli, R. Ohlemueller & W. Barthlott. 1998. Diversity and ecology of

saxicolous vegetation mats on inselbergs in the Brazilian Atlantic rainforest. Divers.

Distrib. 4: 107-119.

Porembski, S., R. Seine & W. Barthlott. 1997. Inselberg vegetation and the biodiversity of

granite outcrops. J. Roy. Soc. West. Aust. 52: 503-522.

Porembski, S., J. Szarzynski, J. P. Mund & W. Barthlott. 1996. Biodiversity and vegetation

of small-sized inselbergs in a West African rain forest (Tai, Ivory Coast). J. Biogeogr.

23: 47-55.

Puig, H. 1972. La sabana de Huimanguillo, Tabasco, México. Memorias de Symposia del I

Congreso Latinoamericano & V Mexicano de Botánica. México, D.F., México, pp.

389-411.

Ramírez, J. L. & S. R. S. Cevallos-Ferriz. 2002. A diverse assemblage of Anacardiaceae

from Oligocene sediments, Tepexi de Rodríguez, Puebla, México. Am. J. Bot. 89:

535-545.

Raven, P. H. 1975. Sumary of the biogeographical symposium. Ann. Mo. Bot. Gard. 62: 380-385.

Renner, S. S., G. Clausing & K. Meyer. 2001. Historical biogeography of Melastomataceae:

the roles of Tertiary migration and long-distance dispersal. Am. J. Bot. 88: 1290-1300.

Reyes-García, A. & M. Sousa. 1997. Listados florísticos de México XVII. Depresión Central

de Chiapas. La selva baja caducifolia. Universidad Nacional Autónoma de México.

México, D.F. México. 47 pp.

Rico-Gray, V. & J. G. García-Franco. 1992. Vegetation and soil seed bank of successional

stages in tropical lowland deciduous forest. J. Veg. Sci. 3: 617-624.

Romero-Duque, L. P., V. J. Jaramillo & L. A. Pérez- Jiménez. 2007. Structure and diversity

of secondary tropical dry forests in México, differing in their prior land-use history.

Forest Ecol. Manag. 253: 38-47.

Rundel, P. W. & K. Boonpragob. 1995. Dry forests ecosystem of Thailand. In: Bullock, S.

FL, H. A. Mooney & E. Medina (eds.). Seasonally dry tropical forests. Cambridge

University Press. Cambridge, UK. pp. 93-123.

Rzedowski, J. 1954. Vegetación del Pedregal de San Ángel (Distrito Federal, México). An.

Esc. Nac. Cien. Biol. 8: 59-129.

Rzedowski, J. 1962. Contribuciones a la fitogeografía florística e histórica de México I.

Algunas consideraciones acerca del elemento endémico en la flora mexicana. Bol.

Soc. Bot. Méx. 27: 52-65.

Rzedowski, J. 1970. Geographical relationships of the flora of Mexican dry regions. In:

Graham, A. (ed.). Vegetation and vegetational history of northern Latín America.

Elsevier. Amsterdam, The Netherlands. pp. 61-72.

Rzedowski, J. 1975. An ecological and phytogeographical analysis of the grasslands of

México. Taxon 24:67-80.

Rzedowski, J. 1978. Vegetación de México. Limusa. México, D.F., México. 432 pp.

189



Acta Botánica Mexicana 100 : 149-193 ( 2012 )

Rzedowski, J. 1991. Diversidad y orígenes de la flora fanerogámica de México. Acta Bot.

Mex. 14: 3-21.

Rzedowski J. & G. Calderón. 1987. El bosque tropical caducifolio de la región de mexicana

del Bajío. Trace 12: 12-21.

Rzedowski, J. & R. Palacios-Chávez. 1977. El bosque de Engelhardtia ( Oreommunea)

mexicana en la región de la Chinantla (Oaxaca, México). Una reliquia del Cenozoico.

Bol. Soc. Bot. Méx. 36: 93-127.

Salas-Morales, S. H. 2002. Relación entre la heterogeneidad ambiental y la variabilidad

estructural de las selvas tropicales secas de la costa de Oaxaca, México. M.Sc.

Thesis. Universidad Nacional Autónoma de México. México, D.F., México. 101 pp.

Salas-Morales, S. H. & M. A. Casariego-Madorell. 2010. Zimatán, Oaxaca. In: Ceballos,

G., L. Martínez, A. García, E. Espinoza, J. Bezaury & R. Dirzo (eds.). Diversidad,

amenazas y áreas prioritarias para la conservación de las selvas secas del Pacífico de

México. Fondo de Cultura Económica, México, D.F., México, pp. 527-531.

Salas-Morales, S. EL, A. Saynes-Vásquez & L. Schibli. 2003. Flora de la costa de Oaxaca,

México: región de Zimatán. Bol. Soc. Bot. Méx. 72: 21-58.

Salas-Morales, S. EL, L. Schibli, A. Nava-Zafra & A. Saynes-Vásquez. 2007. Flora de la costa

de Oaxaca, México (2): Lista florística comentada del Parque Nacional Huatulco.

Bol. Soc. Bot. Méx. 81: 101-130.

Sánchez-Mejía, Z. M., L. Serrano-Grijalva, O. Peñuelas-Rubio, E. R. Pérez-Ruiz, E.

Sequeiros-Ruvalcaba & M. T. García- Calleja. 2007. Composición florística y
estructura de la comunidad vegetal del límite norte del desierto de Sonora y la selva

baja caducifolia (noroeste de México). Rev. Latinoam. Rec. Natur. 3: 74-83.

Santiago-Valentin, E. & R. G. Olmstead. 2004. Historical biogeography of Caribbean plants:

introduction to current knowledge and possibilities from a phylogenetic perspective.

Taxon 53: 299-319.

Scariot, A. & A. C. Sevilha. 2005. Biodiversidade, estrutura e conserva?áo de florestas

estacionáis deciduais no cerrado. In: Scariot, A., J. M. Felfili & J. C. Sousa-Silva

(eds.). Ecología, biodiversidade e conserva?áo do Cerrado. Ministério do Meio

Ambiente. Brasilia, Brazil. 439 pp.

Schultheis, L. M. & B. G. Baldwin. 1999. Molecular phylogenetics of Fouquieriaceae:

evidence from nuclear rDNA ITS studies. Am. J. Bot. 86: 578-589.

Silva, M. F. F., R. S. Secco &M. G. A. Lobo. 1996. Ecological aspects of the tropical scrub vegetation

on rocky outcrops of the Serra dos Carajas, State of Para, Brazil. Acta Amaz. 26: 17-44.

Sims, EL, P. S. Herendeen, R. Lupia, R. A. Christopher & P.R. Crane. 1999. Fossil flowers

with Normapolles pollen from the Upper Cretaceous of southeastern North America.

Rev. Palaeobot. Palyno. 106: 131-151.

Smedmark, J. E. E. &A. A. Anderberg. 2007. Boreotropical migration explains hybridization

between geographically distant lineages in the pantropical clade Sideroxyleae

(Sapotaceae). Am. J. Bot. 94: 1491-1505.

Soto, M. A. & G. A. Salazar. 2004. Orquídeas. In: García-Mendoza, A. J., M. J. Ordónez &
M. Briones-Salas (eds.). Biodiversidad de Oaxaca. Universidad Nacional Autónoma

de México, Fondo Oaxaqueño para la Conservación de la Naturaleza and World

Wildlife Fund. México, D.F., México, pp. 271-295.

190



Pérez-García et al.: Flora and vegetation of the seasonally dry tropics in México

Soto, M. A., G. A. Salazar & E. Hágsater. 1990. Phragmipedium xerophyticum, una nueva

especie del sureste de México. Orquídea (Méx.) 12: 1-10.

Szarzynski, J. 2000. Xeric islands: environmental conditions on inselbergs. In: Porembski,

S. & W. Barthlott (eds.). Inselbergs: biotic diversity of isolated rock outcrops in

tropical and températe regions. Ecological Studies Vol. 146. Springer-Verlag. Berlín,

Heidelberg, Germany. pp. 37-48.

Téllez Valdés, O. & E. Cabrera Cano. 1987. Listados florísticos de México VI. Flórula de la

Isla de Cozumel, Q. R. Universidad Nacional Autónoma de México. México, D.F.,

México. 34 pp.

Téllez Valdés, O., G. Flores Franco, A. Martínez Rodríguez, R. E. González Flores, G.

Segura Hernández, R. Ramírez Rodríguez, A. Domínguez Mariani & I. Calzada.

1995. Listados florísticos de México XII. Flora de la Reserva Ecológica Sierra de

San Juan, Nayarit, México. Universidad Nacional Autónoma de México, México,

D.F., México. 50 pp.

Tiffney, B. H. 1985a. Perspectives on the origin of the floristic similarity between eastern

Asia and eastern North America. J. Arnold Arboretum 66: 73-94.

Tiffney, B. H. 1985b. The Eocene north Atlantic land bridge: its importance in Tertiary and

modern phytogeography of the Northern Hemisphere. J. Arnold Arboretum 66: 243-273.
/V

Toledo Rizzini, C. 1997. Tratado de fitogeografia do Brasil. Ambito Cultural Edigoes. 2a ed.

Rio de Janeiro, Brazil. 747 pp.

Torres-Colín, L. M. 1989. Estudio florístico y descripción de la vegetación del cerro

Guiengola, en el Istmo de Tehuantepec, Oaxaca. B.Sc. Thesis. Universidad Nacional

Autónoma de México. Los Reyes Iztacala, Edo. de México, México. 81 pp.

Torres-Colín, R. 2004. Tipos de vegetación. In: García-Mendoza, A. J., M. J. Ordónez &
M. Briones-Salas (eds.). Biodiversidad de Oaxaca. Universidad Nacional Autónoma

de México, Fondo Oaxaqueño para la Conservación de la Naturaleza and World

Wildlife Fund. México, D.F., México, pp. 105-117.

Torres-Colín, R., L. Torres-Colín, P. Dávila-Aranda, J. L. Villaseñor-Ríos. 1997. Listados

florísticos de México XVI. Flora del Distrito de Tehuantepec, Oaxaca. Universidad

Nacional Autónoma de México. México, D.F., México. 68 pp.

Tovar-Romero, H. A. 2005. Morfología y distribución de las cactáceas en el paisaje complejo

de Nizanda (Oaxaca), México. B.Sc. Thesis. Universidad Nacional Autónoma de

México, México, D.F., México. 44 pp.

Trejo, I. 1996. Características del medio físico de la selva baja caducifolia en México. Bol.

Inst. Geog. Univ. N., Special Issue 4: 95-110.

Trejo, I. 1998. Distribución y diversidad de selvas bajas en México: relaciones con el clima

y el suelo. Ph.D. Dissertation. Universidad Nacional Autónoma de México. México,

D.F., México. 206 pp.

Trejo, I. 2005. Análisis de la diversidad de la selva baja caducifolia en México. In: Halffter,

G., J. Soberón, P. Koleff & A. Melic (eds.). Sobre diversidad biológica: el significado

de las diversidades alfa, beta y gamma. Sociedad Entomológica Aragonesa. Zaragoza,

Spain. pp. 111-122.

Trejo, I. & R. Dirzo. 2000. Deforestation of seasonally dry forest: a national and local

analysis in México. Biol. Conserv. 94: 133-142.

191



Acta Botánica Mexicana 100 : 149-193 ( 2012 )

Trejo, I. & R. Dirzo. 2002. Floristic diversity of Mexican seasonally dry tropical forests.

Biodivers. Conserv. 11: 2063-2084.

Trejo -Vázquez, I. 1999. El clima de la selva baja caducifolia en México. Invest. Geográf. 39:

40-52.

Valiente-Banuet, A. 1995. La ecología y los desiertos de México. Revista de la Universidad

de México 536-537: 39-42.

Valiente-Banuet, A., F. González Medrano & D. Piñero. 1995. La vegetación selvática de la

región de GómezFarías, Tamaulipas, México. Acta Bot. Mex. 33: 1-36.

Van den Berg, C., W. E. Higgins, R. L. Dressler, W. M. Whitten, M. A. Soto Arenas, A.

Culham & M. W. Chase. 2000. A phylogenetic analysis of Laeliinae (Orchidaceae)

based on sequence data from internal transcribed spacers (ITS) of nuclear ribosomal

DNA. Lindleyana 15: 96-114.

Van Devender, T. R. 2000. The deep history of the Sonoran Desert. In: Phillips, S. J. & P.

Wentworth Comus. A natural history of the Sonoran Desert. Arizona- Sonora Desert

MuseumPress. Tucson, Arizona, USA. pp. 61-70.

Van Devender, T. R., A. C. Sanders, R. K. Wilson & S. A. Meyer. 2000. Vegetation, flora,

and seasons of the Río Cuchujaqui, a tropical deciduous forest near Alamos, Sonora.

In: Robichaux, R. H. & D. A. Yetman (eds.). The tropical deciduous forest of Alamos,

biodiversity of a threatened ecosystem in México. The University of Arizona Press.

Tucson, USA. pp. 37-101.

Vargas, A. & A. Pérez. 1996. Cerro Chiletépetl y alrededores. In: Diego-Pérez, N. &
R. Fonseca (eds.). Estudios florísticos de Guerrero No. 7. Universidad Nacional

Autónoma de México. México, D.F., México. 49 pp.

Vázquez, J. A., R. Cuevas, T. S. Cochrane, H. H. litis, F. J. Santana & L. Guzmán. 1995.

Flora de Manantlán. Sida, Botanical Miscellany No. 13. Botanical Research Institute

of Texas, Inc. Fort Worth, Texas, USA. 312 pp.

Vega-Aviña, R., H. Aguiar-Hernández, J. A. Gutiérrez- García & J. A. Hernández-Vizcarra.

2000. Endemismo regional presente en la flora del municipio de Culiacán, Sinaloa,

México. Acta Bot. Mex. 53: 1-15.

Vega-Aviña, R., D. Benítez Pardo, L. M. Flores Campaña & F. M. Hernández Álvarez.

2001. Listados florísticos de México XXI. Vegetación y flora de la Isla de Pájaros e

Isla de Lobos de la Bahía de Mazatlán, Sinaloa. Universidad Nacional Autónoma de

México. México, D.F., México. 19 pp.

Verduzco, C. & L. C. Rodríguez. 1995. El Rincón de la Vía. In: Diego-Pérez, N. & R. Fonseca

(eds.). Estudios florísticos de Guerrero No. 4. Universidad Nacional Autónoma de

México. México, D.F., México. 43 pp.

Watson, D. M. & T. Peterson. 1999. Determinants of diversity in a naturally fragmented

landscape: humid montane forest avifaunas of Mesoamerica. Ecography 22: 582-589.

Webb, S. D. & A. Rancy. 1996. Late Cenozoic evolution of the Neotropical mammal fauna.

In: Jackson, J. B. C., A. F. Budd & A. G. Coates (eds.). Evolution and environment

in tropical America. The University of Chicago Press. Chicago, USA. pp. 335-358.

Weeks, A., D. C. Daly & B. B. Simpson. 2005. The phylogenetic history and biogeography of

the frankincenses and myrrh family (Burseraceae) based on nuclear and chloroplast

sequence data. Mol. Phylogenet. Evol. 35: 85-101.

192



Pérez-García et al.: Flora and vegetation of the seasonally dry tropics in México

Wells, P. V. 1977. Post-glacial origin of the present Chihuahuan Desert less than 11,500

years ago. In: Wauer, R. H. & D. H. Riskind (eds.). Transactions of the symposium on

the biological resources of the Chihuahuan Desert región, United States and México.

U.S. Department of the Interior, National Park Service Transactions and Proceedings

Series, no. 3. Washington, D.C., USA. pp. 67-83.

Wendt, T. 1993. Composition, floristic affinities, and origins of the canopy tree flora of the

Mexican Atlantic slope rain forests. In: Ramamoorthy, T. P., R. Bye, A. Lot & J. Fa

(eds.). Biological diversity of México: origins and distribution. Oxford University

Press. NewYork, USA. pp. 595-680.

Williams, L. 1939. Árboles y arbustos del Istmo de Tehuantepec, México. Lilloa 4: 137-171.

Wolfe, J. A. 1975. Some aspects of plant geography of the Northern Hemisphere during the

late Cretaceous and Tertiary. Ann. Mo. Bot. Gard. 62: 264-279.

Zamora- Crescencio, P. 2003. Contribución al estudio florístico y descripción de la vegetación

del municipio de Tenabo, Campeche, México. Polibotánica 15: 1-40.

Zepeda, C. & E. Velázquez. 1999. El bosque tropical caducifolio de la vertiente sur de la

Sierra de Nanchititla, Estado de México; la composición y la afinidad geográfica de

su flora. Acta Bot. Mex. 46: 29-55.

Zizumbo, D. & P. Colunga. 1980. La utilización de los recursos naturales entre los Huaves

de San Mateo del Mar, Oaxaca. B.Sc. Thesis. Universidad Nacional Autónoma de

México. México, D.F., México. 375 pp.

Recibido en abril de 2012.

Aceptado en junio de 2012.

193


